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punctuation, etc., that do not affect your ability to answer the question or
questi ons.
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PREFACE

By enrolling in this self-study course, you have demonstrated a desire to improve yourself and the Navy.
Remember, however, this self-study course is only one part of the total Navy training program. Practical
experience, schools, selected reading, and your desire to succeed are also necessary to successfully round
out a fully meaningful training program.

THE COURSE: This self-study course is organized into subject matter areas, each containing learning
objectives to help you determine what you should learn along with text and illustrations to help you
understand the information. The subject matter reflects day-to-day requirements and experiences of
personnel in the rating or skill area. It also reflects guidance provided by Enlisted Community Managers
(ECMs) and other senior personnel, technical references, instructions, etc., and either the occupational or
naval standards, which are listed in the Manual of Navy Enlisted Manpower Personnel Classifications
and Occupational Standards, NAVPERS 18068.

THE QUESTIONS: The questions that appear in this course are designed to help you understand the
material in the text.

VALUE: In completing this course, you will improve your military and professional knowledge.
Importantly, it can also help you study for the Navy-wide advancement in rate examination. If you are
studying and discover areference in the text to another publication for further information, look it up.
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Sailor’'s Creed

“l am a United States Sailor.

| will support and defend the
Constitution of the United States of
America and | will obey the orders
of those appointed over me.

| represent the fighting spirit of the
Navy and those who have gone
before me to defend freedom and
democracy around the world.

| proudly serve my country’s Navy
combat team with honor, courage
and commitment.

| am committed to excellence and
the fair treatment of all.”




CONTENTS

CHAPTER Page
Administration
Leadership and Supervision 2-1
3] Facilities Maintenance Management . 3-1
Blueprint Reading and Technical

DIraWINGS . . o v oot et e e e 4-1
Planning, Estimating, and

Scheduling . . . ... ... . . L
[6] Advanced Base Planning, Embarkation,

and Project Turnover . . . . . . .. ... ... ..... 6-1
Planning Plumbing Projects [7-1
[8] Fire Protection Systems
Water Treatment and Purification
Sewage Treatment and Disposal
[11] Compressed Air Systems 11-1
Boilers . . . . . v v i i i 12-1
Duct and Ventilation Systems [13-1]
Air Conditioning and Refrigeration
Solar Energy
Environmental Pollution Control

APPENDIX
[] References

................................



REGULATIONS ON ENVIRONMENTAL POLLUTION AND
HAZARDOUS MATERIALS

Environmental Pollution and Hazardous Waste Handling and Disposal programs have been
Enacted and are United States Law. These programs are of immense importance and should be
taken into consideration during the planning stages before beginning any new construction or
rehabilitation project.

As a member of the Naval Construction Forces, United States law requires you to be constantly
aware of potential environmental pollution hazards or hazardous material spills and to report
them to your immediate supervisor or other senior personnel at the earliest possible time.

The following list of directives contains information on the cognizant government departments
and the procedures for preventing, reporting, and correcting environmental pollution hazards and
hazardous materials disposal worldwide:

@® Naval Occupational Safety and Health Program Manual, OPNAVINST 5100.23B

@® Environmental and Natural Resources Protection Manual, OPNAVINST 5090.1

@ Domestic Wastewater Control, MIL-HDBK 1005/8
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INSTRUCTIONSFOR TAKING THE COURSE

ASSIGNMENTS

The text pages that you are to study are listed at
the beginning of each assignment. Study these
pages carefully before attempting to answer the
guestions. Pay close attention to tables and
illustrations and read the learning objectives.
The learning objectives state what you should be
able to do after studying the material. Answering
the questions correctly helps you accomplish the
objectives.

SELECTING YOUR ANSWERS

Read each question carefully, then select the
BEST answer. You may refer freely to the text.
The answers must be the result of your own
work and decisions. You are prohibited from
referring to or copying the answers of others and
from giving answers to anyone else taking the
course.

SUBMITTING YOUR ASSIGNMENTS

To have your assignments graded, you must be
enrolled in the course with the Nonresident
Training Course Administration Branch at the
Naval Education and Training Professional
Development and  Technology  Center
(NETPDTC). Following enrollment, there are
two ways of having your assignments graded:
(1) use the Internet to submit your assignments
as you complete them, or (2) send all the
assignments at one time by mail to NETPDTC.

Grading on the Internet:
Internet grading are:

Advantages to

you may submit your answers as soon as
you complete an assignment, and

you get your results faster; usualy by the
next working day (approximately 24 hours).

In addition to receiving grade results for each
assignment, you will receive course completion
confirmation once you have completed al the

assignments. To submit your assignment
answers viathe Internet, go to:

http://cour ses.cnet.navy.mil

Grading by Mail: When you submit answer
sheets by mail, send all of your assignments at
one time. Do NOT submit individual answer
sheets for grading. Mail all of your assgnments
in an envelope, which you either provide
yourself or obtain from your nearest Educational
Services Officer (ESO). Submit answer sheets
to:

COMMANDING OFFICER
NETPDTC N331

6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32559-5000

Answer Sheets: All courses include one
“scannable” answer sheet for each assignment.
These answer sheets are preprinted with your
SSN, name, assignment number, and course
number. Explanations for completing the answer
sheets are on the answer sheet.

Do not use answer sheet reproductions: Use
only the original answer sheets that we
provide—reproductions will not work with our
scanning equipment and cannot be processed.

Follow the instructions for marking your
answers on the answer sheet. Be sure that blocks
1, 2, and 3 are filled in correctly. This
information is necessary for your course to be
properly processed and for you to receive credit
for your work.

COMPLETIONTIME
Courses must be completed within 12 months

from the date of enrollment. This includes time
reguired to resubmit failed assignments.



PASS/FAIL ASSIGNMENT PROCEDURES

If your overall course score is 3.2 or higher, you
will pass the course and will not be required to
resubmit assignments. Once your assignments
have been graded you will receive course
completion confirmation.

If you receive less than a 3.2 on any assignment
and your overal course score is below 3.2, you
will be given the opportunity to resubmit failed
assignments. You may resubmit failed
assignments only once. Internet students will
receive notification when they have faled an
assignment--they may then resubmit failed
assgnments on the web ste. Internet students
may view and print results for failed
assgnments from the web ste. Students who
submit by mail will receive a failing result letter
and a new answer sheet for resubmission of each
failed assignment.

COMPLETION CONFIRMATION

After successfully completing this course, you
will receive a letter of completion.

ERRATA

Errata are used to correct minor errors or delete
obsolete information in a course. Errata may
also be used to provide instructions to the
student. If a course has an errata, it will be
included as the first page(s) after the front cover.
Errata for al courses can be accessed and
viewed/downloaded at:

http://www.advancement.cnet.navy.mil

STUDENT FEEDBACK QUESTIONS

We value your suggestions, questions, and
criticisms on our courses. If you would like to
communicate with us regarding this course, we
encourage you, if possible, to use e-mail. If you
write or fax, please use a copy of the Student
Comment form that follows this page.

Vi

For subject matter questions:

E-mail:
Phone:

n314.products@cnet.navy.mil
Comm: (850) 452-1001, Ext. 1826
DSN: 922-1001, Ext. 1826

FAX: (850) 452-1370

(Do not fax answer sheets.)
COMMANDING OFFICER
NETPDTC (CODE N314)

6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32509-5237

Address:

For enrollment, shipping,
completion letter questions

grading, or

E-mail:
Phone:

fleetservices@cnet.navy.mil

Toll Free: 877-264-8583

Comm: (850) 452-1511/1181/1859
DSN: 922-1511/1181/1859

FAX: (850) 452-1370

(Do not fax answer sheets.)
COMMANDING OFFICER
NETPDTC (CODE N331)

6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32559-5000

Address:

NAVAL RESERVE RETIREMENT CREDIT

If you are a member of the Naval Reserve, you
will receive retirement points if you are
authorized to receive them under current
directives governing retirement of Naval Reserve
personnel. For Naval Reserve retirement, this
course is evaluated at 12 points. (Refer to
Administrative Procedures for Naval Reservists
on Inactive Duty, BUPERSINST 1001.39, for
more information about retirement points.)

COURSE OBJECTIVES

In completing this nonresident training course,
you will demonstrate a knowledge of the subject
matter by correctly answering questions on the
following: Blueprint Reading and Technical
Drawings; Planning, Estimating and Scheduling;
Planning Plumbing Projects, Fire Protection
Systems, Water Treatment and Purification;
Sewage Treatment and Disposal; Compressed
Air Systems; Boilers; Duct and Ventilation
Systems; Air Conditioning and Refrigeration;
and Environmental Pollution Control.
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We need some infor mation about you:

Rate/Rank and Name: SSN: Command/Unit

Street Address: City: State/FPO: Zip

Your_comments, suggestions, €etc.:

Privacy Act Statement: Under authority of Title 5, USC 301, information regarding your military status is
requested in processing your comments and in preparing a reply. This information will not be divulged without
written authorization to anyone other than those within DOD for official use in determining performance.
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CHAPTER 1

ADMINISTRATION

The information in this chapter has been removed
because it is of a general nature and pertains to all
seven Seabee ratings. The subject matter has been
revised and placed in the Naval Construction
Force Seabee/PO 1 & C, NAVEDTRA 12543.







CHAPTER 2

LEADERSHIP AND SUPERVISION

The information in this chapter has been removed
because it is of a general nature and pertains to all
seven Seabee ratings. The subject matter has been
revised and placed in the Naval Construction Force
Seabee/PO 1 & C, NAVEDTRA 12543.







CHAPTER 3

FACILITIES MAINTENANCE MANAGEMENT

The information in this chapter has been removed
because it is of a general nature and pertains to all
seven Seabee ratings. The subject matter has been
revised and placed in the Naval Construction Force
Seabee/PO 1 & C, NAVEDTRA 12543.







CHAPTER 4

BLUEPRINT READING AND
TECHNICAL DRAWINGS

Blueprints, sometimes called prints, are
reproduced copies of mechanical or technical
drawings. Drawing or sketching is the
universal language used by engineers,
technicians, and skilled tradesmen.

The term reading print is defined as the
ability to interpret the ideas of others
expressed on drawings and sketches. This
chapter has been developed to give you
some insight into the preparation and use of
blueprints.

DEVELOPMENT OF CONSTRUCTION
DRAWINGS

Drawings are generally categorized
according to their intended purposes as
follows:

@® Preliminary drawings

@® Presentation drawings

@® Shop drawings

@® Wworking drawings
PRELIMINARY DRAWINGS

A building project may be broadly
divided into two major phases: the design
phase and the construction phase.
Preliminary drawings are prepared by the
A and E (architects’ and engineers’) firm
during the design phase to promote building
development. These drawings are used for
exploring design concepts between the
designer and the user (customer), making
material selection, determining preliminary
cost estimates, and as a basis for preparing
the finished working drawings.

PRESENTATION DRAWINGS

Presentation drawings show the proposed
building or facility in an attractive setting in its
natural surroundings at the proposed site. Since
presentation drawings are actually used to sell an
idea or a design, your only contact with such
drawings will be as a cover sheet for a set of
construction drawings.

SHOP/WORKING DRAWINGS

After approval has been given for construction,
the shop and working drawings are developed.
Throughout your career, you will hear these
drawings referred to as construction drawings,
prints, or plans. Basically, these terms are all
correct; they can be used interchangeably.

As mentioned earlier, the construction
drawings are developed from the preliminary
drawings. With the collaboration of the designer
or the architect and the engineer, both the
materials to be used and the construction methods
to be followed are decided. The engineer
determines the loads that the supporting
(structural) members will be required to bear and
then designs the mechanical systems for the
structure; for example, heating, power, lighting,
and plumbing.

You will find the construction drawings, the
specifications, and the bill of material (BM) your
chief source of information during the construction
phase of the project.

BLUEPRINT READING

There are several reasons for having
construction drawings and why you need



Figure 4-1(A).—Pictorial view of a typical bathroom.
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Figure 4-1(B).—Waste and vent.

ability to read and interpret them. Imagine
using only written instructions for the
construction of a small building. It would
take volumes of written material. Trying to
understand and visualize all the details
involved in a construction project would
present a very difficult problem for anyone.
For this reason, prints are used. They are
also used by the supervisor to monitor the
progress of construction.

You must be able to interpret the
details, perform the work, and follow
directions from these drawings. You must
be capable of reading prints and passing
along the information contained on the
drawings. Figure 4-1(A) shows a typical
bathroom. Compare the relationship between
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Figure 4-1(C).—Water service.

the views in figures 4-1(B) and 4-1(C) with 4-
1(A)

BLUEPRINT LANGUAGE

There are various ways that a blueprint shows
work to be done. Since the written word can be
confusing and take up valuable time and space,
other means have been developed. These means
include various types of lines, symbols,
abbreviations, and other methods of providing
dimensions and working directions.

TYPES OF LINES USED ON DRAWINGS

The main types of lines a Utilitiesman should
be able to read and understand are depicted in
figure 4-1(D).



ELECTRICAL SYMBOLS AND

ABBREVIATIONS

intentions are communicated through the use of
symbols and abbreviations. In the preparation of
electrical drawings, most engineers use symbols

In addition to using different types of adopted by the American National Standards

lines, both the architect and the engineer’s

Institute (ANSI).

LINE STANDARDS
NAME CONVENTION | DESCRIPTION AND APPLICATION EXAMPLE
HEAVY UNBROKEN LINES
VISIBLE
LINES USED TO INDICATE VSIBLE
EDGES OF AN OBJECT
SRR L]
MODEN | __ __ ___ EVENLY S8PACED DABHES
LINES USED TOINDICATE CONCEALED EOGES ——_]
THIN LINES MADE UP OF LONG
AND SHORT DASHES ALTERNATELY
CENTER . _ | eeAcEDANDCONMSTENT W LENGTH E---"!
+imca —_ . —
oREs USED TO INDICATE SYMMETRY E_ - _3
ABOUT AN AXiS AND LOCATION
OF CENTERS
D —
THIN LINES TERMIMATED WITH
DIMENSION ARROWHEADS AT EACH END r'— —
LINES
USED TO INDICATE DISTANCE MEASURED ::
ONEN LINES
EXTENSION THIN UNBROKE
LINES USED TO INDICATE EXTENT
OF DIMENSIONS
THIN LINE TERMINATED WITH ARROW.-
HEAD OR DOT AT ONE END 14 %20 THO.
LEADER —_—
USED TO INDICATE A PART,
DIMENSION OR OTHER REFERENCE
MEDIUM SERIES OF ONE LONG DASH AND ——
| TWO SHORT DASHES EVENLY SPACED —
PHANTOM | ENDING WITH LONG DASH
OR
USED TO INDICATE ALTERNATE POSITON
DATUM LINE : OF PARTS, REPEATED DETAL OR TO
| INDICATE A DATUM PLANE
]
| MEDIUM LINE OF SHORT DASHES EVENLY
SPACED AND LABELED
STITCH i
UINE
! USED TO INDICATE STITCHING OR SEWING
|
THIN BOLID RULED LINES WITH
A FREEHAND 21G-2AG8
(BletEnK, USED TO REDUCE SZE OF DRAWING
—\/\/J‘— REQUIRED TO DELINEATE OBJECT AND
REDUCE DETAL
BREAK THICK 8OLID FREE HAND LINES
HORT)
(]
¢ UBED TO INDICATE A SHORT BREAK
CUTTING OR
VIEWING
PLANE | THICK SOLID LINES WITH ARROWHEAD
TO INDICATE DIRECTION IN WHICH
VIEWING _L _{ SECTION OR PLANE 18 VIEWED OR TAKEN
PLANE
OPTIONAL
CuTTING g
PLANE FOR : THICK SHORT DASHES
COMPLEX OR ~o,
OFFSET ] USED TO SHOW OFFBET WMITH ARROWHEADS
VIEWS TO BHOW DIRECTION VIEWED
P

Figure 4-1(D).—Construction drawing lines.
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GRAPHIC SYMBOLS

RES1STORS
AVAYA Y L A
GENERAL TAPPED —JW\,—
ADJUSTABLE TAP -/\/\(\,—
AL~

CONT I NUOUSL Y

VAR | ABLE
NONL INEAR M\r

CAPACITORS
I+ H N
FIXED VAR ABLE TR IMMER
o=
£A D
oo irpest

A o

SPLIT-STATOR

GENERAL — O~
MAGNETIC CORE e
TAPPED _1"‘6‘?"9"‘L
ADJUSTABLE

ADJUSTABLE OR CONTINUOU:

ADJUSTABLE

TRANSFORMERS
L) Qe
|-
MAGNETIC CORE
GENERAL TRANSFORME R

4 3F

AUTOTRANSFORMER WITH TAP;,
SINGLE -PHASE
SWITCHES V%
GENERAL d o
(SINGLE THROW)
GENERAL o /0
(DOUBLE THROW)
TWO POLE o 0/‘10
DOUBLE THROW /
SWITCH o oo
KNIFE SWITCH O——
PUSHBUTTON 1
(MAKE ) o ©
PUSHBUTTON
(BREAK) alo
PUSHBUTTON Q l Q
TWO CIRCUIT

[o] o
CIRCUIT PROTECTORS

Wi VNS

—{1—
FUSE OR OVERLOAD —/ "\ _,—-

FUSE

PUSH PULL — -
OR PULL

R
GANGED - N

RECTIFIERS

GENERAL —_—

——

SEMICONDUSTOR —_—

(NORMAL CURRENT FLOW IS AGAINST

THE ARROW)
+ A-

ROTATING MACHINES

FULL WAVE
BRIDGE TYPE

MOTOR GENERATOR
TYPES OF WINDINGS

serigs o)

SEPARATEL Y

EXCITED

SHUNT

=4
Y
I~

BATTERIES
ONE CELL —{}—

MULTICELL —{II#—-

TAPPED %;;T;_l,_

MULTICELL
(LONG LINE 1S ALWAYS POSITIVE)

ARCHITECTURAL SYMBOLS

DUPLEX RECPT,

CEILING INCAN, LIGNT O
c——
CONT INUOUS ROW FLUOR, FIXTURE

SINGLE FLUOR, FIXTURE

EXIT LIGHT (CEILING) @

_®

JUNCTION BOX @

EXIT LIGHT (WALL)

CLOTHES DRYER OUTLET
—&co

FLOOR DUPLEX RECPT, OUTLET

SINGLE POLE SWITCH S

THREE WAY SWITCH Ss
SWITCH FOR LOW YOLTAGE SYSTEM
SL

THERMOSTAT

PUSHBUTTON STATION
MOTOR CONTROLLER

FLUSH MOUNTING PANEL

—

T

RECESSED PAMEL

-

BELL TRANSFORMER

WIRE CONCEALED IN WALL OR

CEiLING

WIRE CONCEALED IN FLOOR

— —

BRANCH CIRCUIT EXPOSED

13.5
Figure 4-2—Electrical symbols.

4-4



(ANSI). However, many engineers will modify
them to suit their needs. For this reason, most
drawings have a symbol list or legend. The elec-
trical symbols in[figure 4-2] are taken from the
ANSI Y32.9, 1972 publication.

CONSTRUCTION DRAWINGS

With a thorough knowledge of blueprint
language (symbols, abbreviations, and lines), you
will be able to extract the information that is
provided on the different prints. Types of con-
struction drawings you should be familiar with
are discussed in the following sections.

Plot Plan

The plot plan is the starting point for any
building that is to be constructed. It shows where
the building is to be placed on the plot of land
or property and shows the shapes and dimensions
of the plot. When the plot plan is bounded by
streets or drives, such information is also shown.

The plot plan aids the Utilitiesman by show-
ing the point where the service taps from a main
are to be connected or what route the pipe will
need to be run for an underground service.

Exterior Elevation Drawings

The exterior elevation drawings show views of
the finished exterior sides of the building. They
show exterior trim, finish, window and door open-
ings, roofing, and brickwork. Finished grade lines
and floor lines are also shown. You may find this
information helpful in locating outside wall
hydrants or hose bibs.

Interior Elevation Drawings

The interior elevation drawings show views of
inside wall space that contain counters, sinks, cup-
boards, and other special features. These draw-
ings can be of great help in determining where to
place rough-in piping for water or drainage
systems in kitchens and bathrooms. The material
that is to be used for walls also affects the
distance from the finished wall that the through
floor drainage or water supply will be roughed
in to (water closets, floor drains, and so forth).

45

Sectional or Detail Drawings

Sectional or detail drawings are often inserted
into drawings to show a specific detail. They may
be a cross-sectional view of the building supports
or foundation. They could be used to show story
height and ceiling height. They may be used to
show what floors are made of, whether they have
wooden joists or some other type of construction.
Any of these factors might influence the method
of doing mechanical work and the kind of
material that is to be used.

Floor Plan

A floor plan drawing is used to show exactly
what the name implies, a plan of the floor. The
drawing includes the layout of all interior and ex-
terior walls, including windows and doors. It also
shows all fixture requirements. A typical floor
plan is shown in

All the drawings mentioned thus far are pro-
portional reductions of the final structure. The
amount of reduction depends on the size draw-
ing desired. Dimensions in feet are reduced to
parts of an inch; for example, 1 foot may be
reduced to 1/4 inch or 1/8 inch. The reduction
is called the scale of the drawing. If the scale of
a drawing is 1/4 inch = 1 foot, a 1-inch line would
represent 4 feet on the actual structure.

BILL OF MATERIAL

A bill of material (BM) is a tabulated state-
ment of the material required for a given project.
It contains information such as stock numbers,
unit of issue, quantity, line item-number, descrip-
tion, vendor, and cost. Sometimes the bill of
material will be submitted on either material
estimate sheets or material takeoff sheets; each
contains similar information. Actually, a bill of
material is a grouped compilation based on the
takeoffs and the estimates of all the materials
needed to complete a structure. Usually, the
takeoff sheet is an actual tally and checkoff of
the items shown, noted, or specified on the con-
struction drawings and specifications.

Most NAVFAC drawings will contain a bill
of material incorporated within the drawings. But,
there are times when you are directed to tabulate
materials needed for a new project that has been
designed in-house for cost estimating and funding.



ELECTRICAL WIRING AND
MECHANICAL DIAGRAMS

You will be working with mechanical
requires electrical
connections. Therefore, you should maintain

equipment thta

Electrician who will involve you in working with
electrical diagrams as well as mechanical
mechanical drawings. This section discusses types of
electrical diagrams and their usage, as they apply
to a Utilitiesman.

An “electrical diagram” is defined as a line
drawing that shows the arrangement and/or

close liaison with the Construction
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Figure 4-3.—Floor plan.



relationship of parts. Electrical diagrams are
usually used to show how the parts of a piece of
equipment or several pieces of equipment are
wired together. These diagrams are similar to each
other. Their names are sometimes used inter-
changeably, but they do have differences.

The types of diagrams with which you will be
working are covered below. The short description
of each should enable you to recognize the dif-
ferent diagrams.

ISOMETRIC WIRING DIAGRAMS

The isometric wiring diagram is not used very
often in electrical work. When used, it shows the
electrical relationship in multilevel buildings, be-
tween floors, or the total electrical system. In the
isometric diagram, the cable and fixtures are
shown only in their general location. Their exact
locations are given in the electrical prints.

(See )
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Figure 4-4—Schematic wiring diagram of side-by-side
refrigerator with automatic ice maker.

PUSH BUTTON
STATION

POWER

AUTOMATIC
STATION

87.314
Figure 4-5—Block diagram.

A block diagram is a simple drawing show-
ing the relationship of major parts of a system.
shows a block diagram of a motor con-
trol system. You can easily see why it is called a
block diagram. The parts or components in any
block diagram will be shown just as they appear
in this drawing, as blocks. They are then con-
nected by a line or lines that show the relation-
ship of the parts. The internal connections of the
components are not shown in these drawings. The
blocks are simply labeled to show what each
represents. These drawings would be of little help
for troubleshooting.

WIRING DIAGRAMS
The wiring diagram, which is like a picture

drawing, shows the wiring between components
and the relative position of the components.



is a wiring diagram of the same

motor control system shown by the block
diagram. You can see that instead of blocks
being used to show components, a picture of
the component is used. You can also see that
the lines used to show the wiring are marked
with numbers or letter-number combinations.
Lines L1, L2, and L3 are incoming power
leads, and the diagram shows the terminals
in the starter to which they are connected,

Wiring diagrams are often used along with a
list of repair parts and are helpful in
troubleshooting problems.

CONNECTION DIAGRAMS

is a connection diagram. It

makes use of diagram symbols instead of
pictures to show components. It also shows
all the internal and external circuit
connections. These connections can be read
and traced more easily than on a wiring
diagram. In the connection diagram, the
components are still shown in their relative
positions. This diagram may be used when
you are connecting the wiring or tracing any
part of the circuit. Remember that the
connection diagram is a valuable
troubleshooting tool. It is often found inside
the cover of a piece of equipment. The
dotted line indicates a single component.

LINES  pysy BUTTON
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Figure 4-6.—Wiring diagram.

SCHEMATIC/SINGLE-LIINE
DIAGRAMS

The schematic diagram is a drawing that shows
the electrical plan of operations of a piece of
equipment or component. The relative position of
parts is not shown in this type of diagram. The
schematic diagram, like the connection diagram,
makes use of symbols instead of pictures. The
in Ffigure 4-8 lis a plan

schematic shown
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Figure 4-8.—Schematic diagram.



of the same motor control system shown in the beginning of the control circuit. Therefore,

the other three diagrams. It is laid out so the when excessive current is drawn through the
process of operation is easy to trace. The control circuit, the fuse will blow and open the
schematic is sometimes called an elementary path. The M coil is located in the control circuit,
or a single-line diagram. It is also useful for which, when energized, changes the position of
troubleshooting purposes. contacts labeled with an M. OL1 and OL2 are in-
line fuses in the load circuit which protect the
OPERATION PROCESS motor. When OL1 or OL3 opens due to excessive
To understand the electrical operation of current or too much heat, contacts OL1 or OL3
[figure 4-8,] you must be able to identify all open, causing the M coil to be de-energized.
of the components in the figure. L1, L2, Follow the logical sequence in[table 4-1 It shows
and L3 are the three phases of power. The the electrical operation of this simple, but actual
control circuit fuse is placed in the path of design, you will see in the field.

Table 4-1—Three Phase Motor Controller Circuit

MANUAL CONDITION TLLUSTRATION
ACTION
None Voltage is present at
L1, L2, and L3. Ml ul .,l
The path extends to e ] { 7{ ’
CONTROL |

the top of contacts ! j
M1, M2, and M3. I B ot =

L1 is providing Wn' 1,1, l,i
voltage through the { { { |
a1 foa o

i

control circuit fuse et

and the stop button. [

[
The load (motor) Fowen cmouT - ey Loms /!‘\

A
will not operate at { LS\‘

this time. L5 e

e

|
I




Table 4-1.—Three Phase Motor Controller Circuit—Continued

MANUAL CONDITION ILLUSTRATION
ACTION
Start button is Current flows through

pushed the path from L1
through the control
circuit fuse, the stop
button, the start
button, OL1, OL2,
OL3, and to the
bottom of the M coil. '
L3 is providing

-

POWER
voltage to the top oo
side of the M coil. (e
The M coil is
energized.
None When current

energizes the M caoil,
contacts M1 through
M4 close, providing
current to the three-
phase motor. (Notice
that the start button
no longer provides a
path for current to
flow.) The path
through M4 is
keeping the M coil

energized.
Stop button is Momentarily, the path _—
pushed leading to the M coil "'°°"""l'.+ 4 u+

is open. This de-
energizes the M coil,
and opens contacts
M1 through MA4.




WORKING SKETCH

The information provided in a floor plan
is limited to what fixtures are to be installed
and their locations. Diagrams that show the
actual layout of plumbing systems are
provided in the mechanical section of the
prints. Before you send a crew to put in a
system and its components, draw a working
sketch translating the blueprint drawings in
such a way that a crew leader can use it for
the installation.

A working sketch is a drawing made to
express a tasking clearly and to provide a
quick reference for job requirements. It
should be drawn to show actual conditions
on the job, the size of piping to be installed,
the locations where connections are to be
made, and possibly the type of joints to be
used. It should also show as much detail as

possible to help the crew during installationor
troubleshooting. A working sketch usually shows
the work you want a crew to accomplish in a
selected area. It also should provide ready
reference to jobsite conditions. [Eigure 4-3]is the
floor plan of a house; it shows a bath, heater
room, and kitchen. The floor plan of a structure is
located in the architectural section of a blueprint
package. It shows the locations of plumbing
fixtures, built-in cabinets, mechanical equipment,
and so forth, that are to be installed as functional
components of the completed facility.

Look at[figure 4-9] This is an isometric
drawing of the plumbing system that services the
floor plan shown in[figure 4-3] It shows every
detail involved in the installation, but it is not
representative of actual jobsite conditions. From
the isometric drawing, you can determine planning
and estimating information but not the actual
locations or installation

l BATHTUB /‘\ .
| y, 2\
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’ N f2
— e o= = HOT WATER 7/ N\
7/ ~ ,’
e e e COLD WATER Yo & >
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Figure 4-9.—Isometric hot-and cold-water piping system.
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interfaces and problems your crew may
encounter during the job.

The working sketch is something a crew
should have with them while working. It
can show them how, what, when, and where
things happen in the sequence of a job.
Your first step in making a working sketch
is to draw the symbols that represent all the
fixtures to be installed and locate them
within the room. Try to draw them in the
sequence of installation and include
measurements. Now draw the piping for hot
and cold water, show where it comes from
and where it is going. Include pipe sizes,
fittings, hanging requirements, and rough-in
measurements. Do the same for the sanitary
and vent systems.

The amount of detail you should use in a
working sketch is determined by the crew’s
experience, the complexity of the system involved,
and the need for interface with other trades
working on the jobsite.

Working sketches are also useful to simplify
complicated electrical schematics when you are
installing or servicing mechanical equipment, such
as air conditioners and boilers.Figure 4-10] shows
electrical symbols commonly found on electrical
schematics. By understanding what these
electrical symbols represent, you will be able to
translate the manufacturer's schematics.. By
drawing a simplified working sketch of this
information, you are aiding your crew in
installing and troubleshooting the equipment.
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Figure 4-10.—Electrical symbols.
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AS-BUILT DRAWINGS

Upon completion of a facility, the crew
leader or project supervisor should provide
operations with marked prints that indicate
any construction deviations. The information
required must show all features of the
project as actually built. It is necessary for
operations to review the as-built drawings
after they are completed. This assures that
all information appearing on the drawings
shows the exact as-built conditions.

From the as-built drawings, record
drawings are prepared. These drawings are
the original construction drawings but are
corrected according to the as-built marked
print. They then provide a permanent record
of as-built conditions. The original record
drawings must be kept up-to-date at all
times. If maintenance requires a change to
the record drawing, this information should
be passed back to operations or to the
maintenance control division so the record
print can be updated.

SCHEDULES

The schedule is a systematic method of
presenting notes and information in tabular
form. This makes the detailed information
required easily accessible to the Utilitiesman
and specifications writer. Schedules are used
mostly on large projects.

A plumbing fixture schedule lists the
type of fixture and identifies each one on the
drawing by number. The manufacturer and
catalog number of each type of plumbing
fixture are provided along with the number,
size, and type of fixture. A column is left for
additional remarks. This Remarks column
may provide such information as the
mounting height above the finish floor (for
wall mountings) or any other information
required for proper installation. Sometimes
this same information can be found in the

specifications of the project, but combing through
page after page of written material can be time
consuming. You may not always have access to
the specifications while working, but the drawings
are there. Therefore, the schedule is an excellent
way of providing essential information in a clear
and accurate manner, allowing you to carry out
your task in the least amount of time.

SPECIFICATIONS

When project specifications are prepared, they
must be brief, clear, and complete. Specifications
must convey the complete description of the work
to be performed in a clear, concise, and coherent
manner, stating the actual minimum needs of the
government and the conditions known, such as site
location or special construction techniques. The
use of general statements should be avoided.

The specifications should be used with
construction drawings to provide the Utilitiesman
the needed details of a project. The drawings
show the extent, size, shape, generic types of
material, and the relationship between different
materials. The specifications should describe the
guality of materials, the installation requirements,
and the method of construction. The writer of
specifications should review the drawings during
and after the writing of specifications. The
ensures that the information appearing on the
drawings has been covered in the specification and
that all the requirements to accomplish the work
have either been covered in detail on the drawings
or described in the specifications. On the other
hand, the designer or engineer should review the
specifications to ensure complete coordination.
Quite often, a simple detail, section, or note on the
drawings makes it possible to eliminate lengthy,
descriptive statements from the specification and
at the same time clarify the designer’'s intent.
Conflicts or duplications between drawings and
specifications must be eliminated. The terminology
used in specifications and drawings must be
identical.






CHAPTER 5

PLANNING, ESTIMATING,
AND SCHEDULING

The information in this chapter has been removed
because it is of a general nature and pertains to

all seven Seabee ratings. The subject matter has
been revised and placed in the Naval Construction
Force Seabee/PO 1&C, NAVEDTRA 12543.







CHAPTER 6

ADVANCED BASE PLANNING,
EMBARKATION, AND PROJECT TURNOVER

The information in this chapter has been removed
because it is of a general nature and pertains to all

seven Seabee ratings. The subject matter has been
revised and placed in the Naval Construction Force
Seabee/PO 1 and C, NAVEDTRA 12543.







CHAPTER 7

PLANNING PLUMBING PROJECTS

The NCF/Seabee PO 1 & C,
NAVEDTRA 12543, the Battalion Crew
Leader Handbook, and Seabee Planner’s and
Estimator’'s Handbook, NAVFAC P-405,
discuss general considerations of planning,
estimating, and scheduling of projects. This
chapter contains information you may need
when planning plumbing projects.

RESPONSIBILITIES

You are the technical advisor during both
the planning and execution phases of
plumbing projects. You will be supervising
crews in the field and following an approved
project schedule. Planning is not worth the
paper it is written on unless it is executed
properly on the job.

TECHNICAL ADVISOR

As technical advisor, the battalion
Operations Officer (S-3), your company, and
crew expect you to have answers to their
guestions about plumbing jobs. You must
have access to plans, specifications,
plumbing codes, technical references, and
manufacturers’ manuals. You are not
expected to know every detail of your rating.
You can be an effective technical advisor
by knowing and using the resources
available to you.

Many problems will require you to make
decisions based on personal experiences. Do
not rely on rate training manuals or formal
schools to provide you with everything you
need to know to be a Utilitiesman. The extra
effort of self-study, combined with on-the job
training and field experience, will enable you
to make recommendations with confidence.

PLANNER

Now that you are advising people on the
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technical aspects of installing and maintaining
plumbing systems, you may become involved in the
planning of these tasks.

Planning takes on many applications and
phases. Home-port project planning results in a
schedule that you should use to decide how and
when your work is going to be done. The resulting
precedence diagram, along with other available
information about a project, can help you in
managing and supervising your project.

SUPERVISOR

Your company should follow the construction
schedule that was prepared during the home-port
period. After arriving at the deployment site, you
may need to make changes to the schedule to show
actual conditions on the job, such as changes in
personnel, equipment availability, or material
delays. The schedule is designed to be a
management tool to assist the supevisor. Used
properly, the schedule will alert you to problems
and job requirements in enough time to avoid
project delays.

Coordinate your requirements with other
companies and departments. For example, decide
on material, equipment, and personnel
requirements about 30 days in advance at the
company level, 2 weeks in advance at the job
supervisor level, and no less than 1 week in
advance at the crew leader level. This should
provide the time necessary for supporting elements
of the organization to break out, deliver, and
provide support to your job. The project you are
working on should decide the amount of lead time
planning you should allow. During home-port
planning, you may not know the conditions on a
particular jobsite. After being on the site, you may
have to reevaluate the original



schedule. Generally, you can make changes to
the schedule within 45 days of crew arrival on
the job. Good supevisors ensure equipment,
material, tools, and other facilities are on the
job when needed. Missing items require an
extra trip back to camp; this affects both
production and crew morale.

PLANNING, ESTIMATING, AND
SIZING PLUMBING SYSTEMS

You will provide input on the planning,
estimating, and sizing of plumbing systems.
This input may concern installation
techniques, types of material required,
guantity and size of piping or fittings, and so
forth. This section provides information you
must consider for planning and estimating a
plumbing project. The National Standard
Plumbing Code, military specifications, and
job specifications provide more concise

information.

SANITARY SYSTEMS

Various types of pipe and fittings are used for
sanitary waste and drainage. However, the location
of the installation determines the type of material
you must use. Threaded pipe that is underground
requires coal tar protection. Install underground
sanitary waste and drainage lines in a separate
trench from the water-service line. The
underground water service and the building drain
or sewer should not be less than 6 feet apart
horizontally and placed on undisturbed or
compacted earth. When separate systems of
sanitary drainage and storm building drains are
placed in one trench, they should be placed side-
by-side. A building sewer or building drain
installed in fill dirt or unstable ground should be
made of cast-iron soil pipe, except that nonmetallic
drains may be used when laid on an approved
continuous supporting system. depicts
code requirements for pipe usage.

Table 7-1—Sanitary Waste and Drain Piping

o A
BUILDINGS BUILDINGS .mm
Aﬂsmﬂ\df:mx,' schedule 40 DWV (ASTM D2661) 7/ 7/
ABSHW-OGMM(ASFMFGZK)MDWVFML v v/
ABS Sewer Pipe and Fimv (ASTM D2751) v
ABS and PVC Composits Sewer Pine (Ag!}‘.‘. D2680) 7
Brass Pipe 9ASTM B43) s
Cast.Iron Soil Pipe and Fittings - Bell and Spigot (ASTM A74) yi 7
Cast-lron Soil Pipe and Fittings - Hubless (CISPI 301, ASTM ASS8) y s/
Concrete Dram Pipe, Nonreinforced (ASTM Cl4) v
Concrete Drain Pipe, Reanforced (ASTM C76) v
| Coppe P (ASTM B ‘
Copper Tube - DWV (ASTM B306) and .1.-"‘!‘! %‘.ﬁs! B1623) 7 7 4
H_Copper WaerTube - 1M (889 snd Copper Drumge Frngs (AN B1623) ) s / s
Galvanized Steel Pipe (A33) and Cast-Iron Dlﬂm (ASME BI6,12) v/
PVC Pipe and Fittings, DWV (ASTM D2665) / s
PVCS:wugE~Ceuuthore(ASl’M F891) 7/ 7/ 7/
PVC Sewer Pipe (PS-46) and Fm‘ (ASTM F789) 7/
PVC Sewer Pipe (PSM) iﬁujm"ﬁvi D3034) '
VWCH!&-WM!AWCM) rd
._VW Clay Pipe - MQ\SIM C700) v
l Lead g and Fg X (FS WW-P-325B) v/

(1) Plastic drain, waste, and vent piping classified by standard dimension ratio shall e SDR 26 or heavier (lower SDR number).

(2) Plastic sewer pipe classified by pipe stiffness shall be PS-46 or stiffer (higher PS number).

(3) Piping shall be applied within the limits of its listed standard and the manufacturer's recommendations.
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Pay special attention to the joints so roots
do not grow into the piping. The depth of
the piping should be below the frost line.
Also, you should encase the piping with
concrete or sleeve it with a metallic material
when laying piping under roadways.

It may be necessary to install the
building sewer and the water-service pipe in
the same trench [(fig. 7-1). If so, use the
following precautions:

BOTTOM OF
WATER MAIN

OSNVS022

Figure 7-1.—Building sewer and the water-service
pipe in the same trench.

Ensure the bottom of the water pipe is at
least 12 inches above the top of the
building sewer.

® Place the water pipe on a solid shelf at the
side of the trench.

® Use hot lead when joining cast-iron pipe
for a building sewer; use a hot-poured
compound in joining bell-and-spigot clay or
concrete sewer pipe.

® After installation, test the building sewer
with a 10-foot head of water, or equivalent
test.

Grading

Install sanitary drainage piping on a uniform
slope. This slope, pitch, grade, or drop per foot
decides the flow velocity of liquid within the pipe.
Piping with a diameter of 3 inches or less
requires a slope of not less than 1/4 inch per foot.
Pipe 4 inches or larger slopes no less than 1/8 inch
per foot. This allows a velocity of not less than 2
feet per second, that provides the scouring action
necessary to keep a pipe free from fouling. Sewer
mains may have slopes of less than 1/8 inch per
foot, as long as there is a cleaning velocity of 2 feet
per second or greater. Sed table 7-1 (A) for code
requirements.

[Table 7-11(A).—Discharge Rates and Velocities of Sloping Drains

joee, | en ] g e g
in inches Disch. gpm vel fps Disch. gpm vel fps Disch. gpm vel fps Disch. gpm vel fps
138 1.34 4.44 1.90
112 1.42 5.53 2.01
158 1.50 6.80 2.12
2 1.72 11.9 2.43
2112 1.99 216 2.82
3 225 351 319
4 26.70 1.36 37.8 1.93 53.4 273 75.5 3.86
5 483 1.58 68.3 2.23 96.6 3.16 137 4.47
6 78.5 i.78 iii 252 i57. 3.57 222 5.04
8 170. 2.17 240. 3.07 340. 4.34 480. 6.13
10 308. 2.52 436. 3.56 616. 5.04 872. 7.12
12 500. 2.83 707. 4.01 999. 5.67 1413. 8.02
§§fﬂ/§?§?\:§ ?;gf;n::l:}} gar\\rt‘ :v?‘l;l-lg{jg:)fé r:r‘v‘:l;rjcl‘}‘l ;]’lf:j! ;52 }él}ig:l‘l/ 7{;](1; ‘féaliismeans filled to half of the diameter of the pipe.
For 34 full: multiplv discharge by 1.82 and velocity 1.13
PE:; sfun“‘lll-;ori'}‘;‘:“z‘l:‘ lr?xl‘;c ﬁfﬂfﬁ‘.ﬂ.;ﬁ&qg? gnvdelv?}:gul\ u(: 0.015 and devide by "n" value of smoother pipe




Higher velocities, or greater drop per foot,
will increase the carrying capacity of a
drain. When designing fixture branches, keep
in mind that a slope/drop of more than
1/4 inch per foot may cause siphonage of the trap
seal.

Sizing Building Drains

The building drain in a sanitary system
must be of sufficient size to carry off all
the water and waste materials that may be dis-
charged into it at any one time. The minimum
allowable size is 3 inches for cast-iron pipe,
but sound practice prescribes a 4-inch pipe,
and most plumbing codes or ordinances require
4-inch pipe as a minimum. Increasing the size
beyond that computed as required (the minimum
of 3 inches still applies) does not increase
the efficiency of the drain. The passage of
liquid and solid waste through a horizontal
pipe creates a natural scouring action, which
is partially lost when the size of the drain
is increased above the necessary size. The
flow in too large a pipe is shallow and
slow, and solids tend to settle to the bottom.
The solids may accumulate to such an extent
that they cause stoppages in the line. The
optimum size of pipe should flow half full
under normal use. This will create an effi-
cient natural scouring action and still allow
capacity for peak loads.

The standard method used in determining
the size of a building drain is the Unit
System. Drainage fixture unit system values
for standard plumbing fixtures have been
established and some of the most common are
shown in Use the trap size listing
at the bottom of[table 7-2| for estimating
drainage fixture unit (d. f u.) values for fixtures
that are not listed.

To select the correct size of pipe for a
horizontal sanitary drainage system, you must
first calculate the total volume of liquid
waste, expressed in drainage fixture units, that
the system will be subjected to. Assume, for
example, that a plumbing installation is to
consist of 20 water closets, valve-operated;
22 lavatories with 1 1/4-inch traps; 15 shower
heads in group showers; 20 wall urinals;
2 service sinks with standard traps; and 4
floor drains (2-inch). The total discharge,

Table 7-2.—Drainage Fixture Unit Values for Various
Plumbing Fixtures

Drainage
Type of Fixture or Group of Fixtures Fg{:‘_’:e
i
Values
Automatic clothes washer (2 "'standpipe) 3
Bathroom group consisting of a water
closet, lavatory and bathtub or shower
stall:
Flushometer valve closet 8
Tank-type closet 6
Bathtub (with or without overhead
shower) 1 1/2 "trap 2
Bidet 1 1/2 “trap 3
Clinic sink 6
Combination sink-and-tray with food waste
grinder 1 1/2 "trap 4
Combination sink-and-tray with one 1 1/2"
trap 2
Combination sink-and-tray with separate
11/2 "traps 3
Dental unit or cuspidor 1
Dental lavatory 1
Drinking fountain 1/2
Dishwasher, domestic 2
Floor drains with 2 "'waste 3
Kitchen sink, domestic, with one 1 1/2 "
trap 2
Kitchen sink, domestic, with food waste
grinder 2
Lavatory with 1 1/4 " waste 1
Laundry tray (1 or 2 compartments) 2
Shower stall, domestic 2 ""trap 2
Showers (group) per head 2
Sinks:
Surgeon’s 3
Flushing rim (with valve) 6
Service (trap standard) 3
Service (P trap) 2
Pot, scullery, etc. 4
Urinal, pedestal, siphon jet blowout 6
Urinal, stall lip 4
Urinal stall, washout 4
Urinal trough (each 6-foot section) 2
Wash sink (circular or multiple) each set
of faucets 2
Water closet, tank-operated 4
Water closet, valve-operated 6
Fixtures not listed above:
Trap Size 1 1/4 "or less 1
Trap Size 11/2" 2
Trap Size 2" 3
Trap Size 21/2" 4
Trap Size 3" 5
Trap Size 4 6




expressed in drainage fixture units, would be
calculated as follows from|table 7-2

Number and Type Unit Total
of Fixtures Values Discharge

20 water closets (flush 6 120
valve)

22 lavatories (1 1/4-inch 1 22
traps)

15 shower heads 2 30
20 urinals (wall) 4 80
2 sinks (service) 3 6
4 floor drains (2-inch) 3 12

270 d.f.u.

After calculating the total discharge and deter-
mining the slope of the piping and the velocity
of flow, select the correct size of pipe by using
Assume that the cast-iron house drain
to be installed will have a slope of 1/4 inch per
foot. From[table 7-3] the minimum size pipe for
the horizontal sanitary drainage system under
discussion is 5 inches.

[Table 7-B is for cast-iron soil pipe or gal-
vanized steel pipe house drains, house sewers, and
waste and soil branches. When copper tubing is
used, it may be one size smaller than shown in
the table. Note that the size of building drainage
lines must never decrease in the direction of flow.

When provision is made for the future installa-
tion of fixtures, those provided for must be con-
sidered in determining the required sizes of
drainpipes. Construction to provide for such
future installation should have a plugged fitting
or fittings at the stack to eliminate any dead ends.

Sizing Stacks and Branches

The term stack is used for the vertical line of
soil or waste piping into which the soil or waste
branches carry the discharge from fixtures to the
house drain. A waste stack carries liquid wastes
that do not contain human excrement; a soil stack
carries liquid wastes that do.

Most buildings do not have separate soil and
waste stacks. A single stack known as the soil and
waste stack, or simply the soil stack, serves to
carry both soil and waste material. Soil stacks are
usually made of cast-iron pipe with caulked joints.
They may, however, be made of other materials

Table 7-3.—Maximum Loads for Horizontal Drains

Horizontal Building Drain or Building Sewer

Diameter of Fixture Slope

Drain Branch 1/16-in/ft 1/8-in/ft 1/4-in/ft 1/2-in/ft
{inches) {d.f.u}l (d.f.u.) (d.f.u.) (d.fu,) (d.fu.)
11/4 1

11/2 3

2 6 26
21/2 12 24 31

3 322 363 422 502
4 160 180 216 250
5 360 390 480 575
6 620 700 840 1000
8 1400 1400 1600 1920 2300
10 2500 2500 2900 3500 4200
12 3900 3900 4600 5600 6700
15 7000 7000 8300 10000 12000
lDrainag- fixture unit

2 R N s s
“Not more than two water closets or two bathroom groups.

3Less than 2 feet per second.
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such as galvanized steel or copper tubing.
Branches are usually either threaded galvanized
steel pipe with drainage (recessed) fittings or
copper tubing.

Sizing the Stack

The stack is sized in the same way as the
building sewer. The maximum discharge of the
plumbing installation is calculated in drainage
fixture units. This figure is applied to[table 7-4|
or[table 7-5]to obtain the proper stack size.

Continuing our example, the 270 drainage fix-
ture units would require a 5-inch stack, if the stack
had less than three branch intervals. (No soil or
waste stack should be smaller than the largest
horizontal branch connected, except that a 4 x 3
water closet connection should not be considered
as a reduction in pipe size.)

Offsets on Drainage Piping

An offset above the highest horizontal branch
is an offset in the stack vent and should be con-
sidered only as it affects the developed length of
the vent.

An offset in a vertical stack with a change in
direction of 45 degrees or less from the vertical

Table 7-4—Maximum Loads for Soil and Waste Stacks
Having Not More Than Three Branch Intervals

. Maximum Load
Diameter of Stack On Any One | On Stack
Branch Interval
(inches) (d.f.u)l (d.f.u.)
11/4 1 2
11/2 2 4
2 4 9
21/2 8 18
3 202 482
4 100 240
5 225 540
6 385 930
8 875 2100

1Drainage fixture unit.

2Not more than two water closets or bathroom
groups within each branch interval nor more
than six water closets or bathroom groups on
the stack.
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piping may be sized as a straight vertical stack.
In piping where a horizontal branch connects to
the stack within 2 feet above or below the offset,
a relief vent should be installed.

A stack with an offset of more than 45 degrees
from the vertical should be sized as follows:

1. The portion of the stack above the offset
should be sized for a regular stack, based on the
total number of drainage fixture units above the
offset.

2. The offset should be sized as for the
building drain. See[table 7-3]

3. The portion of the stack below the offset
should be sized as for the offset, or based on the
total number of drainage fixture units of the
entire stack, whichever is larger. A relief vent
should be installed for the offset. Never connect
a horizontal branch or fixture to the stack within
2 feet above or below the offset.

Sizing Individual Waste Lines

The water closet, strictly speaking, has no
waste. It is usually connected directly into the
stack on a short as possible separate branch of
its own by the use of a closet bend. The closet
bend is 3 or 4 inches in diameter if made of cast
iron or steel and 3 inches if made of copper.

Because lavatories are used for washing hair,
loose hair is often carried down into the waste
pipe, causing a stoppage. Lavatory drainage is
improved by using a minimum number of fittings
and by eliminating long horizontal runs. The
minimum pipe size for lavatory wastes is 1 1/4
inches, but 1 1/2 inches is more satisfactory.

Urinals present a particular problem because
cigarette butts, cigar stubs, chewing gum,
matches, and so on are often discarded in them.
These materials can easily cause a stoppage. For
this reason, urinals should be equipped with an
effective strainer. Size of waste pipe should be at
least 1 1/2 inches for wall-mounted urinals and
3 inches for the pedestal siphon jet urinal.

Shower wastes seldom cause trouble since they
have a relatively clear water waste flowing through
them. The usual diameter of the waste pipe for
a single shower is 2 inches if made of cast iron
or steel and 1 1/2 inches if made of copper.

A domestic kitchen sink requires a 1 1/2-inch
cast-iron or steel waste pipe. When a sink is
equipped with a garbage disposal unit, a minimum
of 2 inches is required for the cast-iron or steel
drainage piping.
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Table 7-5—Maximum Loads for Soil and Waste Stacks Having Four or More Branch Intervals

Number of Eranch Intervals

Diameter 4 5 6 7 8 9 10
of stack on any o on any o on any o on any - on any n on any e on any n
. . one stack . one stack . one stack . one stack . one stack . one stack . one stack
(inches) interval interval interval interval interval interval interval
in dful |dfu d.fou. d.f.u. df.u. d.fu. d.f.u. d.f.u. d.f.u. d.fu. d.fou. d.f.u. d.f.u. d.f.u.
2 3 13 3 16 3b 18¢
3a 18a 72a 17a 85a 16a 96a 15ab 102ac
4 90 360 84 420 80 480 76b 530c
5 205 820 190 950 180 1,080 175 1,215 170 1,360 155b 1,400c
6 350 1,400 325 1,625 310 1,860 299 2,090 290 2,320 285 2,560 280 2,800
8 785 3,140 135 3,675 700 4,200 675 4,725 655 5,240 640 5,780 630 3,300
10 1,405 5,620 | 1,310 6,550 | 1,200 7,500 | 1,205 8,435 |1,170 9,360 | 1,145 10,310 1,125 11,250
12 2,195 8,780 | 2,045 10,225 | 1,950 11,700 | 1,880 13,160 11,825 14,600 | 1,790 16,090 ]1,755 17,550
15 3,935 15,740 | 3,675 18,375 | 3,500 21,000 { 3,375 23,620 (3,280 26,240 | 3,210 28,880 {3,150 31,500
Number of Branch Intervals
Diameter 11 12 13 14 15 1§
of stack
on any on on any on on any on on any on on any on 0: any on
) one stack one stack one stack ‘ one stack one stack . ne stack
(inches) interval interval interval interval interval interval
in. d.f.u d.fu. d.f.u. d.fu. df.u d.fu. d.fu. d.fu. d.f.u. d.fu. d.f.u. d.fu.
2
3a
4
)
6 265b 2,900c
8 620 6,830 610 7,350 585b 7,600c
10 1,110 12,200 1,095 13,100 1,080 14,070 1,070b 15,000¢
12 1,730 19,020 1,705 20,500 1,690 21,960 1,670 23,410 | 1,655 24,800 1,620b | 26,000c
15 3,100 34,160 3,060 36,700 3,030 39,390 3,000 42,015 2,975 44,600 2,955 47,280

1

Drainage fixture units.

a. Not more than two water closets or bathroom groups within any one branch interval and not more than six water closets or bathroom

groups on the stack.
b. Loads on any one branch interval for higher stacks shall not exceed these values; however, this shall not prevent the installation of higher stacks.
c. Stack loads for higher stacks shall not exceed these values; however, this shall not prevent the installation of higher stacks.



There are two styles of service sinks (slop
sinks): the trap-to-wall and the trap-to-floor. They
are used for disposal of wash water, filling swab
buckets, and washing out swabs. The trap-to-wall
type requires a 2-inch or 3-inch waste pipe; the
trap-to-floor, a 3-inch waste pipe. For both types,
if copper tubing is used, a one size reduction is
allowed.

Scullery sinks are large sheet metal sinks used
for washing large pots and pans and for general
scouring purposes. The large amount of grease
that usually passes through a scullery sink makes
a 2-inch waste pipe necessary.

Drinking fountains carry only clear water
wastes and a 1 1/4-inch waste pipe is suitable. An
indirect drain (covered later in this chapter) should
be used.

Sizing Sanitary Collecting Sewers

The design and sizing of collecting sewers, the
subtrunks, and the main trunk lines are provided
by engineers. However, the UT should understand
the factors that contribute to the design and the
requirements that must be met.

While the unit system is used to size the
building sanitary piping and the building drain,
the sewage quantities used in sewer design
normally are computed on a contributing
population basis. The population to be used in
design depends upon the type of area that the
sewer is to serve. If the area is strictly residential,
the design population is based on full occupancy
of all quarters served. If the area is industrial,
the design population is the greatest number
employed in the area at any time. There are ex-
ceptions to the general rule that sewers must be
designed on a population basis. Among these ex-
ceptions are laundry sewers and industrial-waste
sewers. The per capita contribution for sewer
design varies. Typical values are 100 gallons per
person per day for permanent residents and 30
gallons per person in the industrial area per 8-hour
period.

The sizing of the sewer includes the average
rate and the extreme (peak) rate of flow (which
occurs occasionally). The ratio of the peak rate
of flow to the average rate of flow may vary with
the area served, because the larger the area or the
greater the number of persons served, the greater
the tendency for flow to average out. Typical peak
flows might range from 6 for small areas down
to 1.5 for larger areas.

An allowance for infiltration of subsurface
water is added to the peak flow to obtain the
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design flow. A typical infiltration allowance is 500
gallons per inch of pipe diameter, per mile of
sewer per day.

Additional capacity to provide for population
increase is usually included for areas that are likely
to continue to develop. Provision of approxi-
mately 25 percent additional capacity over the
initial requirements is advisable.

Each length of pipe from one manhole to the
next is sized to carry the design flow. However,
to help prevent clogging and to facilitate
maintenance, a minimum size is usually specified
which may be larger than is necessary to carry the
design flow at the upper ends of the system.
Typical minimum sizes are 6-inch pipe for house
and industrial-waste sewers and 8-inch pipe for
all other sewers.

It is sometimes the practice to select a pipe size
that will carry the design flow when the pipe is
half full, thus allowing for expansion. More often,
however, sufficient safety factors in the future
population estimate and the peak flow factor are
included so the pipe may be designed to carry the
design flow when flowing full.

The formulas or tables used in sizing the pipe
are based on experiments and experience. One of
the factors taken into account is the roughness
of the pipe. Asbestos-cement pipe, for example,
is smoother than concrete pipe. Because there is
less friction on the inside of the asbestos-cement
pipe, it will carry a greater flow than concrete pipe
of the same size.

Another factor is the slope at which the pipe
will be laid. The slope will generally be determined
by the fall available on the natural ground area
through which the sewer runs. The plans for
collecting sewer systems generally show slope (or
grade) in terms of fall per hundred feet. Slope is
sometimes expressed as a percent rather than in
inches per foot. A 1 percent slope means 1 foot
of frill in a 100-foot length of pipe, or about 1/8
inch per foot. A 0.5 percent slope (6 inches in 100
feet is about 1/16 inch per foot.

gives the minimum slope for some
of the most commonly used pipe sizes. The slope
should remain constant in the section between
each manhole. Each section between successive
manholes should be analyzed and the slope for
that particular section determined. If the fall is
relatively steep, the velocity of the flow is faster
and a smaller pipe size may be used. If the slope
is relatively flat, the velocity is slower and a larger
pipe size may be used. In the larger pipe, the depth
of flow may decrease to such extent that the
velocity might be no greater than a smaller pipe



Table 7-6.—Minimum Slope for Sewer Pipe

Inside pipe diameter Minimum fall (ft per
(inches) 100 ft)
6 0.6
8 0.4
10 0.3
12 0.24
18 0.14

on the same grade. Therefore, an increase in pipe
size to obtain the desired flow velocity is limited
by the rate of flow. Typical minimum flow
velocities are 2 feet per second when the design
flow fills the pipe and 1.6 feet per second at the
average rate of flow. Maximum velocities must
also be considered; too high a velocity will erode
the pipe. A typical maximum velocity is 15 feet
per second for concrete pipe. Because of the
differences in available slopes, smaller pipe may
be used in some sections than is required in an
upper section of the same sewer. The pipe size
should be reduced whenever better flow condi-
tions would result.

Manholes provide access to sewers for inspec-
tion and cleaning. They are placed where there
is a change in grade, a change in pipe size, a junc-
tion of two or more sewerlines, or a change in
direction. Otherwise, they are placed at intervals
of 300 or 500 feet of sewerline. The manholes
should be built so there is no decrease in velocity
and a minimum of water disturbance. The channel
should be deep enough to prevent sewage from
spreading over the manhole bottom. The covers
should be of a weight strong enough to support
the expected traffic. Perforated covers should not
be used for sanitary sewer manholes, because
openings in the sewer manhole would permit the
entrance of sand, grit, and surface water. The
sewers are ventilated by the stacks of the building
plumbing systems.

STORM DRAINAGE SYSTEMS

Storm drainage systems are designed to drain
all surface and sometimes subsurface water that
may cause damage to Navy facilities, property,
or adjoining land. They consist of pipe, inlets,
catch basins, and other drainage structures to
carry the surface runoff and subsurface water to
a point of disposal.
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Storm drainage systems should be separate
from sanitary sewage systems wherever possible.
Some Navy bases may have combination systems
still in use. However, storm water should never
be drained into sewers intended for sanitary
sewage only.

EOs and BUs generally are responsible for
building ditches, culverts, and other structures
that are a part of storm sewers. Therefore, con-
struction of these facilities is not covered in this
chapter.

The UT is generally concerned with only the
pipework itself. This involves laying storm drain
lines both inside and outside buildings and other
structures. This pipe material may be the same
as that used for the sanitary system. Storm sewer
systems, however, may include pipe of much
larger sizes than are needed for sanitary sewers.
Plain or reinforced concrete pipe (rather than clay,
cast iron, or asbestos cement) is generally used
for the larger lines. Also, it is not so important
that the joints be watertight in storm sewer
systems. In fact, the mortar is sometimes
omitted from a portion of the joint and washed
gravel is placed next to the opening; the storm
drain thus serves also as an underdrain to pick
up subsurface water.

Installation Considerations

Storm and sanitary systems may differ in the
installation of the piping. Building storm drains
should generally be graded at least 1/4 inch per
foot whenever feasible. This amount of drop per
foot provides an unobstructed and self-scouring
flow. However, a greater drop per foot may be
given as no fixture traps which might lose their
seals are associated with it.

When a change of direction is necessary, long
radius fittings are used and a cleanout need not
be installed. This is especially true in and under
buildings. But a manhole is used outside of
buildings when a change of direction is necessary,
or when two or more lines are connected together.

Sizing Building Storm Drains

To determine the size of building storm drains,
a number of factors must be considered, such as
rainfall intensity, roof size, and pitch of roof.
Tables have been made for use in estimating the



size of pipe to select. One example is[table 7-7]
it shows storm drain sizes. Remember that this
table is to be used only as a guide when estimating
for storm drainage, as different areas have
different intensities of rainstorms.

Another method for sizing building storm
drains is to provide 1 square inch of pipe cross-
sectional area for each 100 square feet of roof
area. This method is easy to remember: 1 square
inch for 100 square feet. (However, it is not as
accurate as using table 7-71) Using this method,
you can prepare a table similar to[table 7-8] Show
the diameter in the first column; then the radius
(which is one-half the diameter); then the square
of the radius; then the cross-sectional area, which
is pi (3.14) times the radius squared. Since each
square inch may take 100 square feet of roof,
move the decimal of the square inches over two
places to the left (which is multiplying by 100) to
get the area of the roof that may be drained to
the pipe. As you can see by comparing| table 7-7

sizing of storm drains are provided by engineers.
It is not necessary that the UT understand the
factors that contribute to the design. Therefore,
the information is not included here.

WATER SUPPLY SYSTEMS

After the pipe runs and fittings are located on
a print or drawing, the size, quantity, and
joining requirements of the pipe must be deter-
mined. When a plumbing print is available for the
job, it will contain this information. If there is
no blueprint, you must determine these require-
ments yourself. The quantity of pipe required and
the number and types of fittings you intend to use

Table 7-8.—Fixture Demand

with[table 7-8| the second method is much more
conservative.

Sizing Site Storm Sewers

While rules of thumb such as those just
described are used to size building storm drains,
different procedures are used to size the storm
sewers that carry the runoff from the building site
and surrounding land areas. The design and

Fixture Units® | Gallons per minute
Water closet 6 45
Urinal 5 391/2
Slop sink 3 221/2
Shower 2 15
Laundry tray 2 15
Bathtub 2 15
Kitchen sink 2 15
Lavatory 1 71/2
®1 unit = 7 1/2 gallons per minute

Table 7-7.—Size of Horizontal Building Storm Drains and Building Storm Sewers

Diameter Maximum Projected Area for Drains of Various Slopes

of Drain 1/8-Inch Slope 1/4-Inch Slope 1/2-Inch Slope
(inches) Square Feet gpm2 Square Feet gpm Square Feet gpm
3 822 34 1,160 | 48 1,644 68
4 1,880 78 2,650 i 110 3,760 156
5 3,340 139 4,720 196 6,680 278
6 5,350 222 7,550 314 10,700 445
8 11,560 478 16,300 677 23,000 956

10 20,700 860 29,200 1,214 41,400 1,721

12 33,300 1,384 47,000 1,953 66,600 2,768

15 59,500 2,473 84,000 3,491 119,000 4,946

l'I‘able 7-7 is based upon a maximum rate of rainfall of 4 inches per hour for a § minute duration and a 10 year return period.

Where maximum rates are more or less than 4 inches per hour, the figures for drainage area shall be adjusted by multiplying by

four and dividing by the local rate in inches per hour.

“Gallons per minute.
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are easily determined by tracing the layout of the
water supply system as drawn in a print or sketch.
Determining the size pipe you will require to meet
the fixture demand of a facility is more com-
plicated and will be discussed in this section.

Sizing Cold-Water Supply Systems

Some factors that affect the size of the water
service in a plumbing system are the types of flush
device used on the fixtures, the pressure of the
water supply in pounds per square inch (psi), the
length of the pipe in the building, the number and
kind of fixtures installed, and the number of fix-
tures used at any given time. The stream of water
in a pipe is made up of a series of layers moving
at different speeds with the center layer moving
the fastest. The resistance to flow is called pipe
friction and causes a drop in pressure of the water
flowing through the pipe. Friction loss may be
overcome by supplying water at greater pressure
than would normally be required or by increasing
the size of the pipe.

The two most important things to consider are
the maximum fixture demand and the factor of
simultaneous fixture use. The maximum fixture
demand in gallons is the total amount of water
that would be needed to supply all fixtures if they
were being used at the same time for 1 minute.
Since it is very unlikely that all fixtures would be
turned on at the same time, a probable percentage
of the fixtures in use at any given time must be
found. This is the factor of simultaneous use. The
more fixtures in a building, the smaller the
possibility that all will be used at the same time.
Therefore, simultaneous use factors decrease as
the number of fixtures increase.

To estimate the maximum fixture demand in
gallons, the number and type of all fixtures in the
completed plumbing system must be known.
[Table 7-8lis used to obtain the maximum fixture
demand. For example, assume a plumbing system
consists of three urinals, two water closets, one
slop sink, two shower stalls, one kitchen sink, one
laundry tray, and four lavatories. From[table 7-8
a maximum fixture demand of 321 gallons per
minute (gpm) can be figured. Normally only a
small percentage of fixtures would be used at the
same time, so the maximum fixture demand is
reduced by applying the factor of simultaneous
use.

The factor of simultaneous use, also called the
probable demand, is only an estimate.[Table 7-9
gives data for making an estimate of probable
demand. When using this table, take the actual
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number of fixtures installed, not the fixture unit
value. For example, five fixtures would have a
probable demand of about 50 percent, while 45
fixtures would have a probable demand of about
25 percent. When a table showing the factors of
simultaneous use is not available, a practical way
of figuring the probable demand is 30 percent of
the maximum fixture demand in gallons.

Many factors affect the flow of water through
pipes resulting in a loss of water pressure. Dif-
ficult calculations are required to consider all the
factors involved that may cause a loss of water
pressure. These calculations are beyond the range
of this manual. For simple systems, approximate
figures are acceptable for most plumbing
installations.

(for galvanized iron pipe) and[tabld
(for copper tubing) may be used with the
maximum fixture demand and the factor of
simultaneous use to find the correct size of pipe
for water-service lines. The minimum practical
size for a water-service line is 3/4 inch. This size
should be used even when calculations show that
a smaller size could be used.

To continue the example above, the 14 fixtures
would have a factor of simultaneous use of about
35 percent. Since the maximum fixture demand
was 321 gpm, the water-service line must have a
capacity of 35 percent of 321, or 112 gpm. Assum-
ing a length of pipe 60 feet long and a pressure
at the main of 40 psi,[table 7-10 or 7-11 shows
that either a 1 1/2-inch galvanized iron or a 1
1/2-inch copper tubing water-service line would
be large enough for the example fixture demand.

Sizing Hot-Water Supply Systems

The hot-water system is that part of the
plumbing installation that heats water and
distributes it to various fixtures. There are many
ways of heating the water, but whichever is used
must be able to supply maximum demand. The
materials used in hot-water systems are similar to
those used in cold-water supply systems. The use

Table 7-9.—Factors of Simultaneous Use

Percent of

No. of fixtures simultaneous use

1-4 50-100
5-50 25-50
51 Or more------=----~------ 10-25




Table 7-10.—Capacitiesof Pipe in Gallons Per Minute (Galvanized Iron)

a. 3/8 inch
Pressure at source in Length of pipe in feet
pounds per square inch 20 40 60 80 100 120 140 160 180 200
10 5 3 3 2 2 2 -— ---- -—— ——-
20 9 5 4 3 3 3 2 2 2 2
30 10 6 5 4 4 3 3 3 3 2
40 - 8 6 5 4 4 4 3 3 3
50 ——— 9 7 6 5 4 4 3 3 3
60 ——- 9 7 6 6 5 5 4 4 4
70 ——— 10 8 7 6 6 h) 5 4 4
80 ---- -—-- 8 7 7 6 5 5 ) 4
b. 1/2 inch
Pressure at source in Length of pipe in feet
pounds per square inch 20 40 60 80 100 120 140 160 180 200
10 10 8 5 5 4 3 3 3 3 3
20 14 10 8 6 6 5 5 4 4 4
30 18 12 10 8 8 7 6 6 5 5
40 20 14 11 10 10 8 7 7 6 6
50 -— 16 13 11 11 9 8 7 7 7
60 ——— 18 14 12 12 10 9 9 8 7
70 —- -— 15 13 12 11 10 9 8 8
80 —--- —- ——-- -—-- - ——-- — ---- -—- ———-
c. 3/4 inch
Pressure at source in Length of pipe in feet
pounds per square inch 20 40 60 | 80 100 120 140 160 180 200
10 22 14 12 10 8 8 7 6 6 6
20 30 22 18 14 12 12 11 10 10 8
30 38 26 22 18 i6 14 i3 12 i2 i0
40 --- 30 24 21 19 17 16 16 15 13
50 -—-- 34 28 24 21 19 18 17 16 15
60 -— 8 31 26 23 21 20 19 18 17
70 -e-- -—-- 34 29 25 23 22 21 19 18
80 -—--- ---- 36 30 27 24 23 22 21 20
d. 1 inch
Pressure at source in Length of pipe in feet
pounds per square inch 20 40 60 80 100 120 140 160 180 200
10 40 28 22 18 16 15 14 13 12 11
20 hh 40 32 27 24 22 20 19 i8 i6
30 70 50 40 34 30 27 25 23 22 20
40 80 58 45 40 3s 32 29 27 25 24
50 —.-- 65 57 45 40 36 33 31 29 27
60 ---- 70 58 50 44 40 36 34 32 30
70 -—-- 76 63 54 45 42 40 37 34 32
80 -—-- - 65 57 47 43 39 37 35 33
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Table 7-10.—Capacities of Pipe in Gallons Per Minute (Galvanized Iron)—Continued

e. 1 1/4 inch

Pressure at source in Length of pipe in feet
pounds per square inch 20 40 60 80 100 120 140 160 180 200
10 80 55 45 37 35 30 27 25 26 24
20 110 80 65 55 50 45 41 38 36 34
30 ---- 100 80 70 60 56 51 47 45 42
40 — —— 95 80 72 65 60 56 52 50
50 -——-- ———- 107 92 82 74 68 63 60 55
60 ---- ---- ———- 102 20 81 75 70 65 62
70 ——-- ——— ——- ———- 97 88 82 74 69 67
80 -— —— ——- ——-- 105 95 87 79 74 72

f.11/2 inch

Pressure at source in Length of pipe in feet
pounds per square inch 20 40 60 80 1060 120 140 160 180 200
10 120 90 70 60 55 50 45 40 40 35
20 170 130 100 90 75 70 65 60 55 55
30 ——— 160 130 110 100 90 80 75 70 65
40 ——— 170 150 130 110 100 90 90 80 80
50 ——- ——— 170 140 130 120 110 100 90 90
60 ——-- - -— 160 140 130 120 110 100 100
70 -—-- ——— -—-- 170 150 140 130 120 110 100
80 — —— —— - 160 150 140 130 120 110

g. 2 inch

Pressure at source in Length of pipe in feet
pounds per square inch 20 40 60 80 100 120 140 160 180 200
10 240 160 130 110 100 90 90 80 80 70
20 300 240 200 160 150 140 130 120 110 100
30 ———- 300 240 200 180 160 150 140 140 130
40 —— ——— 280 240 220 200 i80 160 160 150
S0 -——-- -—-- ———- 280 240 220 200 200 180 160
60 —— ——— ———- ———- 280 240 220 200 200 180
70 ——-- —— —— -——-- 300 260 240 220 220 200
80 ———- -——-- — ———- ———- 280 260 240 220 220
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Table 7-11.—Capacities of Pipe in Gallons Per Minute (Copper Tubing)

a. 1/2 inch
Pressure at source in Length of pipe in feet
pounds per square inch 20 40 60 80 100 120 140 160 180 200
10 8 5 4 3 3 2 2 2 2 2
20 12 8 6 5 5 4 4 3 3 3
30 15 10 8 7 6 5 5 4 4 4
40 17 12 9 8 7 6 6 5 5 4
50 ——-- 14 10 9 8 7 6 6 S 5
60 ——-- 15 12 10 9 8 7 7 6 6
70 ———- -—-- 13 11 10 9 8 7 7 6
80 ——- ——-- id i2 10 10 8 8 7 7
b. 5/8 inch
Pressure at source in Length of pipe in feet
pounds per square inch 20 40 60 80 100 120 140 160 180 200
10 12 8 7 6 5 5 4 4 3 3
20 18 12 10 9 7 6 6 5 5 5
30 22 16 12 10 9 9 8 7 6 6
40 26 18 14 12 10 10 9 8 8 7
50 -—— 22 16 14 12 11 10 9 9 8
60 - 24 18 16 14 13 12 11 10 9
70 ——-- ———- 20 18 15 14 13 12 11 10
80 - ---- 22 19 16 15 14 13 12 11
c. 3/4 inch
Pressure at source in Length of pipe in feet
pounds per square inch 20 40 60 80 100 | 120 | 140 | 160 | 180 | 200
10 20 14 10 10 8 8 6 6 6 5
20 30 20 16 14 12 10 10 10 8 8
30 36 26 20 17 15 14 13 11 10 8
40 ——-- 30 24 20 18 16 15 14 13 12
50 - 34 28 24 20 18 16 16 14 14
60 -—-- 36 30 26 2 20 18 18 16 16
70 — ———- 32 28 24 22 20 18 18 16
80 ——— -—-- 36 30 26 24 22 20 18 18
d. 1 inch
Pressure at source in Length of pipe in feet
pounds per square inch 20 40 60 80 | 100 | 120 | 140 | 160 | 180 | 200
10 50 30 24 20 18 16 14 14 12 12
20 70 45 36 30 26 24 22 20 18 18
30 80 55 45 38 34 30 28 26 24 22
40 ——-- 65 55 45 40 36 32 30 28 26
50 - 75 60 50 45 40 36 34 32 30
60 - 80 65 55 50 45 40 38 36 34
70 - ——— 70 60 55 50 45 40 38 36
80 ---- -—-- 80 65 60 50 50 45 40 40
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Table 7-11l—Capacities of Pipe in Gallons Per Minute (Copper Tubing)—Continued

e. 1 1/4 inch

Pressure at source in Length of pipe in feet
pounds per square inch 20 40 60 80 100 120 140 160 180 200
10 80 55 42 37 32 30 27 25 22 22
20 110 80 65 55 47 42 40 35 35 32
30 -—-- 105 80 70 60 55 50 45 42 40
40 -—- 110 95 80 70 65 60 55 50 47
50 -—-- -—-- 110 90 80 70 65 60 57 55
60 -—-- -—-- -——- 105 90 80 75 70 65 60
70 -—- ---- .- 110 100 90 80 75 70 65
80 -—-- -—- -—-- ——-- 105 95 85 80 75 70

f. 1 1/2 inch

Pressure at source in Length of pipe in feet
pounds per squareinch | 20 | 40 | 60 | 80 | 100 | 120 | 140 | 160 | 180 [ 200
10 130 90 70 60 50 45 40 40 35 35
20 170 130 100 90 75 70 65 60 55 50
30 - 170 130 110 100 90 80 75 70 65
40 -— - 155 130 115 105 95 88 80 77
50 -—-- ---- 170 150 130 120 108 100 20 88
60 -—-- -—-- -—-- 165 145 130 120 110 105 98
70 —-—-- -—-- -—-- 170 160 142 130 122 113 106
80 -—- ——-- -—- -—-- 170 i55 140 130 122 iis

o " 1“1“'\
5- & 111iGE1

Pressure at source in Length of pipe in feet
pounds per square inch 20 40 60 80 100 120 140 160 180 200
10 280 180 150 145 110 100 90 85 80 70
20 320 280 220 190 165 160 140 125 120 110
30 -—-- 320 280 240 210 180 170 160 150 140
40 -—— - 320 280 240 220 200 190 175 160
50 -—-- -——- -—-- 320 280 250 230 210 200 190
60 -—-- -—-- -—- -——- 300 280 260 240 220 200
70 -— - -—— ———- 320 300 280 260 240 230
80 -—-- -—-- -—— —-- -—-- 320 300 280 260 240
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of copper has become the most popular because
of copper’s ability to resist corrosion that increases
in proportion to the temperature of the water.
Sizing of the piping for a hot-water system is done
the same way as for a cold-water system.

The layout of a hot-water system is designed
to carry heated water from a storage unit to
plumbing fixtures. Installation planning begins
with the water-heating device and a main supply
line from that device. The system should be
graded to a centrally located drip cock near the
water heater to allow for draining the system when
maintenance is required. Water for the individual
fixtures located throughout the facility is taken
off the main hot-water supply by risers as needed.

Each fixture riser should have a valve to make
repair work easier.

Buildings of considerable floor area or of
multifloor construction have the added problem
of supplying hot water to the fixture as soon as
possible after the tap is opened. In a one-pipe
system (such as that used for cold-water supply),
a lag occurs from the time the hot-water tap is
opened until the heated water travels from the the
water-heating device to the fixture. To overcome
this lag, a circulating water supply system is often
used. (See[fig. 7-2)

The circulating supply system is a two-pipe
system in which hot water flows from the heating
device through the main fixture risers and returns
to the heating device. This type of looped system
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Figure 7-2—Hot-water circulating supply system.
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Figure 7-3—Typical building water supply system.

Figure 7-4—Corporation stop.

provides for circulation of the hot water at all
times. The circulation is created because warm
water tends to rise and cold water tends to fall.

The circulating system shown ir_figure 7-2] is
known as an overhead feed and gravity-return
system because of its construction. This type of
system tends to become airbound, preventing cir-
culation of the hot water. Since air collects at the
highest point of the distribution piping, the most
practical way to relieve the air lock is to connect
an uncirculated riser to the line at that point. Any
air lock that develops is relieved when a fixture
on the uncirculated riser is used.

Piping and Fitting General
Requirements

A typical building water-service line is
shown in [figure 7-3] This line is composed of a
corporation stop, a flexible connector, a curb
stop, a stop and waste valve, and a meter stop
or gate valve.
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Figure 7-5—Flexible gooseneck connector.

The corporation stop is installed at the loca-
tion on the water main where a tap is
made. Its function is to make the removal of
the taping machine and the installation of the
remaining fittings easier by securing the water
flow from the tap. A corporation stop may not
be needed if you are installing building service
lines from a newly installed, unpressurized water
main.

When you install the line between the corpora-
tion stop and the curb stop, use some type of
flexible connection for joining the pipe to the cor-
poration stop. This flexible connection protects
the corporation stop from strain or damage that
can result from any movement of the water main
or service pipe because of settling, earth move-
ment, or expansion and contraction.

Several types of flexible connectors are used.
The type you choose will depend on the type of
material used for the supply line. A gooseneck
is used when galvanized iron or steel



pipe is used as the supply line. It consists of a
length of copper pipe with fittings wiped or
soldered on each end. Another flexible connector
is the swing joint type commonly used with
galvanized iron or steel service lines. (Sed_fig. 7-6])
This connection consists of two elbows separated
by a short section of pipe or a nipple. Next is the
expansion loop[(fig. 7-7) used when copper tub-
ing is used as the service line.

A curb stop must be provided in every service
line to conform to the National Standard
Plumbing Code, paragraph 10.12.1. (Sed fig. 7-8.)
The curb stop provides an accessible shutoff of
the water supply to the building.

Next, a stop and waste valve [(fig. 7-9) will be
installed to conform to the National Standard
Plumbing Code, paragraph 10.12.2. This valve
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Figure 7-6.—Typical swing joint.
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Figure 7-7.—Expansion loop.

is used to drain the building water system. It must
be installed at a point where drainage by gravity
can be achieved. When the valve is turned off,
drainage will occur through a drilled passage in
the valve body.

Finally, a meter stop is installed when a water
meter is to be included in the service line
[7-10). It is installed on the pressure side of the
meter and can be used for convenient securing of
the water supply to the building. Where no meter
is used, a simple gate valve may be provided for
convenient use when repairing or maintaining the
building water lines.

Each fixture to be installed requires a fixture
stop valve and a certain size branch and riser
piping. Branch lines are calculated in the same
fashion as service supply lines. Risers for each

87.344
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Figure 7-9.—Stop and waste valve.



individual fixture are sized according to[table 7-12|
for both cold- and hot-water risers. A typical
layout for branch lines and fixture risers is shown
in{figure 7-11

For more complete information, refer to the
latest edition of the National Standard Plumbing
Code. The code will guide you in determining all
required installation considerations of facility
water supply system needs.
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SUBFLOOR SOLE PLATE

90° ELBOW

\
FURE VI N

@

\ \ RiSER
SUPPLY MAIN TEE BRANCH LINE

87.347
Figure 7-11.—Water supply branch line.

Table 7-12—Water Pipe Size Chart for Plumbing Fixtures

PLUMBING FIXTURE PIPE DIAMETER
(inches)
Dishwasher . . . ... ... . . . . . 1/2 or 3/4
Waterclosettank . . .......... ... ... ... ... .. .. . ... 1/2
Water closet flushometer valve. . . . . ............... 1
Urinal with flushometer valve. . . ... ............... 1/2
Lavatory . . ... . 1/2
Showerbath . ........ ... . .. .. . . . . . . . . 1/2
Kitchensink . . ....... ... ... . . . . . . . 1/2
SlopsinK . ... .. 1/2
Scullery sink . . ... ... . 3/4
Laundry tray . . ... . 1/2
Drinking fountain . . . . ......... ... ... ... ... .. ... 1/2
Hot-water heater (domestic) . .. ................... 3/4
Bathtub . . ....... ... ... . . . 1/2
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necessary materials and equipment required for
galvanic cathodic protection of underground pipes
and fittings must be considered. First you must
understand what corrosion is and how it occurs.

TYPES OF CORROSION

Man has had corrosion problems to contend
with ever since he started making articles out of
metal. For thousands of years, the only fact
known about corrosion was that it would affect
some metals more than others. For example, iron,
one of the most abundant and useful metals, cor-
rodes very much; whereas metals such as gold,
platinum, and silver corrode very little. Later, men
began to study corrosion to find out what caused
it. As might be expected, many theories were
proposed to explain corrosion and its causes.
Among the many theories, the electrochemical
theory is most generally accepted as an explana-
tion of corrosion.

The electrochemical theory of corrosion is best
explained by the action that takes place in a
galvanic cell. A galvanic cell can be produced by
placing two dissimilar metals in a suitable elec-
trolyte, as shown in[figure 7-12] The resulting
electrochemical reaction develops a potential
difference between these metals. This causes one
metal to be negative or anodic and the other metal
to be positive or cathodic. In a dry cell battery,
the zinc case is the anode and the carbon rod the
cathode. Now, when an external electrical circuit

is completed, current flows from the zinc case into
the electrolyte, taking with it particles of zinc. This
is an example of galvanic corrosion of the zinc
case. It is this electrochemical action that
illustrates the electrochemical theory.

Corrosion may be divided into several types,
such as uniform corrosion, localized corrosion,
and compositional corrosion. Each type will be
explained in the following paragraphs.

Uniform Corrosion

Uniform corrosion is caused by direct
chemical attack. An example of this type of cor-
rosion is zinc exposed to hydrochloric acid. If you
examine the surface of zinc in a solution of
hydrochloric acid, you will find that the entire
surface is corroding. Furthermore, if the zinc is
left in the acid long enough, it will be dissolved
by the acid.

Localized Corrosion

Localized corrosion is caused by the elec-
trolytic action of a galvanic cell. A local galvanic
action is set up when there is a difference of
potential between the areas on a metallic surface
that is an electrolyte. Localized corrosion may be
in the form of pits, pockets, or cavities due to the
deterioration or destruction of metal.

Localized corrosion may develop under a
number of various conditions when different types
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Figure 7-12.—Galvanic cell showing internal galvanic action.
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of equipment are buried in the ground. Some
examples of localized corrosion are discussed in
the following paragraphs.

® Corrosion due to mill scale. The mill scale
embedded in the walls of iron pipe during its
manufacture is one cause of pipe corrosion. It
actually becomes the cathodic area, the iron pipe
the anodic area, and the moist soil the electrolyte,
as shown in[figure 7-13] Current leaves the iron
pipe wall and passes through the electrolytic soil
to the mill scale. This electrochemical action
causes severe pitting of the pipe metal at the
anodic areas. Continued action of this type will
eventually weaken the pipe to the extent of failure.

® Corrosion due to cinders. Another type of
corrosion occurs when iron pipe is laid in a cinder-
fill in direct contact with the cinders. The cinders
and the iron pipe make up the dissimilar metals.
The pipe forms the anodic area, the cinders form
the cathodic area, and the highly ionized soil
serves as the electrolyte. The current leaves the
pipe through the soil to the cinders and returns
to the pipe. Severe corrosion occurs at the points
where the current leaves the pipe.

® Corrosion due to dissimilarity of pipe
surface. This type of galvanic corrosion occurs
when there are bright or polished surfaces on some
areas of the pipe walls in contact with suitable
electrolytic soil. These bright surfaces become
anodic to the remaining pipe surfaces. In highly
ionized soil, the polished surfaces corrode at an

accelerated rate, thus weakening the pipe at that
point.

@ Corrosion due to different soil conditions.
This is a general corrosion problem, especially
prevalent in highly alkaline areas. Corrosion cur-
rents leave the pipe wall and pass into compact
soils and enter the pipe wall from light sandy soils.
The intensity of the corrosion currents and the
resulting rate of corrosion at the anodic areas of
the pipe are directly proportional to the con-
ductivity of the soil.

® Corrosion due to stray currents. Direct
current circuits that pass in and out of an elec-
trolyte usually cause stray currents, many of which
are a direct cause of corrosion. Corrosion does
not occur at the point where the current enters
the structure, because it is catholically protected.
However, at the section where the current leaves
the structure, severe stray current corrosion
occurs. Over a period of a year, this type of cor-
rosion has been known to displace as much as 20
pounds of pipe wall for every ampere of current.

® Corrosion due to bacteria. Biological
corrosion is another distinct type of corrosion
caused by electrolytic or galvanic cell action.
It is the deterioration of metals by corrosion
processes that occurs as either a direct or an
indirect result of the metabolic activity of certain
minute bacteria, particularly in water or soil
envirnments. These organisms that cause
bacterial corrosion are bacteria, slime, and fungi.

CATHODE

{CURRENTS NEUTRALIZED)

CATHODE »~
®

ANODE
(CURRENTS ORIGINATE)

87.348

Figure 7-13.—Pipe with corroding (anode) and noncorroding (cathode) areas.



Microbiological corrosive action in the soil is due
to physical and chemical changes in the soil caused
by the presence of these organisms. Some bacteria
are responsible for the production of active
galvanic cells. These bacteria are mostly found in
highly waterlogged, sulfate-bearing, blue clay
soils. The bacteria concentration, as well as the
corrosion rate, varies considerably with the dif-
ferent seasons of the year. Cast-iron and steel
pipes are corroded mostly by sulfide production.

Compositional Corrosion

Compositional corrosion alters the composi-
tion of metals. Some of the specific types of
compositional corrosion are discussed in the
following paragraphs.

® Dezincification. This is a selective type of
corrosion that occurs in copper and zinc alloys.
When alloys of this kind (brasses) are exposed to
this type of corrosion, the zinc dissolves out of
the alloy and leaves only the copper.

@ Graphitization. Another type of composi-
tional corrosion is graphitization or graphitic
softening. It is a peculiar form of disintegration
that attacks grey cast iron. Cast iron is an alloy
made of iron and carbon, the carbon being in the
form of graphite. When cast iron with such a
composition is subjected to graphitization, the
iron dissolves out and leaves only the graphite.
This action leaves cast-iron pipes and other similar
equipment weakened mechanically. However,
after graphitization corrosion occurs, the graphite
pipe may last for many years if it is not subjected
to any mechanical forces or sudden pressures. The
action of this type of corrosion is similar to
dezincification.

® Hydrogen embrittlement. This is a term
applied to metal that becomes brittle because of
the action of some form of corrosion that causes
the formation of hydrogen on its surface. When
hydrogen forms on the surface of steel, the ac-
tion of the hydrogen may form blisters or actually
embrittle the metal. Hydrogen liberated near the
surface of steel in an electrolyte will diffuse into
the metal quite rapidly. The hydrogen picked up
by the steel is in an atomic state and causes the
steel to become brittle.

When the production of atomic hydrogen
on the surface of the metal stops, the hydrogen
leaves the metal in a few days and the metal again
regains its original ductility.
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Stress Fatigue of Metals

Corrosion affects metals that are under stress.
The action caused by stresses on a pipeline or
structure is due to the shifting of the various rocks
and soils of the earth. Usually a complete pipeline
is not under stress; certain sections are under stress
while adjacent sections are not. Because of these
pressures and strains, localized electrochemical
action takes place. The section of the pipe or
structure under stress becomes anodic, whereas
the unstressed sections become cathodic. In this
way, the pipe under stress begins to corrode and
weaken because of the action of corrosion.

Corrosion Caused by Nonelectrolytes

Nonelectrolytes are materials that will not
conduct electricity. These materials include
nonelectrolytic vapors, liquids, and bacterial
organisms. Since they do not conduct electricity,
they do not, in themselves, cause corrosion.

NONELECTROLYTE GASES AND
VAPORS.— Nonelectrolytic gases and vapors
usually must be subjected to high temperatures
before corrosive action can take place. Hydrogen
sulfide causes scaling of iron at temperatures from
1400° to 2000°F. High-chromium alloy steels
resist this type of corrosion best. The only remedy
for this type of corrosion is to keep the gases away
from the metal or use a metal that can resist
corrosion.

High-carbon steels are attacked by hydrogen
at temperatures above 750°F. This hydrogen com-
bines with the carbon grains in the steel and causes
the metal to weaken at the grain boundaries
between the iron and carbon.

Oxygen will combine directly with most metals
at high temperatures. The temperature at which
oxygen will combine with the metals depends
mostly upon the type of metal. In the process of
cutting iron with an oxyacetylene torch, the
oxygen combines with the iron.

NONELECTROLYTIC FLUIDS.— Non-
electrolytic fluids include such liquids as pure
water, lubricating oils, fuel oils, and alcohols.
These fluids do not cause corrosion, but corro-
sion does occur in storage tanks that contain these
liquids and in pipelines that carry them. The
corrosion is not caused by the nonelectrolyte
liquids, but by the foreign products in them. For
example, if impure water is introduced into an oil
pipeline, the water will cause the inside of the



pipe to corrode. The water collects on the inside
of the pipe because the pipe is usually cooler than
the oil. In a storage tank, the water will settle to
the bottom of the tank because water is heavier
than oil, and will cause the bottom to corrode.
Hydrogen sulfide and sulphur dioxide may also
be introduced into the pipeline to add to the cor-
rosiveness of the water that collects on the metal.
The only way to prevent corrosion from this
source is either to coat the inside of the pipeline
and tanks with a protective film or to remove the
water from them.

Bacterial Organisms

Bacterial organisms may also cause
microbiological corrosion. Colonies of bacteria
that live close to the metal surface in stationary
slimy deposits produce corrosive substances such
as carbon dioxide, hydrogen sulphide, ammonia,
and organic and inorganic acids. These corroding
substances are found only in the locality of the
colony and may be undetected in the surrounding
water or soil. Bacteria that cause corrosion in this
way need to produce only small amounts of cor-
rosive products for localized attack. However,
colonies of bacteria that do not produce corrosive
products may act as a protective film around the
metal, causing unequal distribution of electrical
potential, which gives rise to local anodes and
cathodes. In this way, the production of local cells
will cause increased corrosive action.

Biological corrosion is extremely difficult to
control, since the organisms are very resistant to
normal methods of sterilization. Probably the
most logical method to reduce microbiological
corrosion is by the use of some barrier coating
between the environment and the metal.

Corrosion Caused by Electrolytes

An electrolyte is any substance that conducts
electricity. It conducts electricity because it con-
tains ions that carry electrical charges, either
negative or positive, that move in electrical fields.
Some of the more important electrolytes are
discussed in the following paragraphs.

ATMOSPHERIC CONDITIONS.— Cor-
rosion due to atmospheric conditions is caused
mainly by the water in the atmosphere. Pure water
is a nonelectrolyte, but because water is a universal
solvent, it is not found to be pure very often. Rain
water is often considered to be pure, but this is
not true. As rain falls to the ground, it dissolves
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gases out of the atmosphere and becomes impure.
For this reason, any water vapor in the
atmosphere is also impure. If a piece of metal is
exposed to atmospheric air, and the metal is cooler
than the air, water vapor from the air will collect
on the surface of the metal. The layer of water
on the metal maybe so thin that it cannot be seen;
but there is enough of it, if impure, to start cor-
rosion. In this case, when the gases dissolve into
the water, the water becomes an electrolyte. When
metal is exposed to an electrolyte, galvanic cells
are produced on the surface of the metal, since
there are impurities in it. Each one of these cells
starts to act on the metal, causing corrosion by
electrochemical action.

WATER AND WATER SOLUTIONS.— If
metal is exposed to water or water solutions, cor-
rosion is likely to occur if the water or metal is
impure. If the water or metal is pure, corrosion
probably will not occur; however, these conditions
seldom exist in nature. Impurities in the water and
metal produce galvanic cells that cause corrosion.

CHEMICAL AGENTS.— Chemical agents
such as acids and salts also cause corrosion. When
these agents are present in the environment, direct
chemical attack on metal is the result. For
example, if a piece of zinc is exposed to
hydrochloric acid, a definite chemical reaction
takes place. The zinc and hydrochloric acid com-
bine, producing zinc chloride and hydrogen. This
action continues until the zinc is completely
dissolved or the acid is too weak to act on the zinc.
Corrosion causes the zinc to dissolve.

Another example that may be used to illustrate
corrosion through the use of a chemical agent is
to place aluminum in a lye solution. The lye will
pit (corrode) the aluminum as long as chemical
action continues between the aluminum and lye.

MATERIALS LEAST LIKELY
TO BE AFFECTED BY
SCALE AND CORROSION

Whenever installing various types of plumb-
ing equipment in areas where corrosion is active,
you should select equipment made of materials
least affected by corrosion. To prevent elec-
trochemical action in plumbing equipment, the
equipment should be made of materials that are
not affected by electrolysis. Plastic materials such
as polyethylene polyester and polyvinyl chloride
are not acted upon by corrosion. Glass is another
material that is not acted on by corrosion. (This



is why hot-water tanks are lined with glass.) Other
materials used for the manufacture of pipe that
resists corrosion are vitrified clay, cement, fiber,
asbestos, and rubber. Glass fibers reinforced with
epoxy or polyester resins are also resistant to
corrosion.

Dielectric bushings may be installed to stop
electrolytic action in plumbing systems or
wherever dissimilar metals are used. These
bushings are made of nylon and are usually
colored. They withstand pressures to 100 psi and
temperatures up to 300°F. The bushings are
usually placed in pipe systems as recommended
by the manufacturer. Some metals least likely to
be affected by corrosion are copper, brass, Monel,
and stainless steel.

COATINGS AND WRAPPINGS FOR
CORROSION PROTECTION

Coatings and wrappings are commonly used
to combat corrosion on exterior piping systems.
There are many different types of coatings such
as asphalts, coal tars, plastics, mastics, greases,
and cements. These coatings are considered to be
insulating materials, but each is not effective in
all environments. Each one was developed for a
certain type of corrosive environment.

Asphalt Coatings

Asphalt base coatings are the most common
type of protective coatings used. They are pro-
duced from petroleum residue and natural
sources. Asphalt base coatings can take con-
siderable abrasion, impact, and temperature
changes wit bout creating a corrosive condition.
However, they absorb a considerable amount of
water and dissolve easily into a form of petroleum
product.

Coal Tar Coatings

Coal tar coatings are commonly used on
pipelines. They possess continuity, hardness,
adhesion, and corrosion resistance. Coal tar
coatings are less expensive than asphalt coatings.
They do not have a very good impact resistance,
and a wide temperature change often causes the
surface to crack.

Paint Coatings

Some of the most important paint coatings are
coal tar, asphalt, rubber, and vinyl.
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Coal tar paints have the outstanding
characteristics of low permeability and resistance
to electrolytic reaction. They are not affected by
the action of water. These paints are recom-
mended for piers, marine installations, flood
control structures, sewage disposal plants, and
industrial concrete pipelines.

Asphalt paints are weather resistant and
durable against industrial fumes, condensation,
and sunlight action. Because of their resistance
against water solvency, they are used on steel
tanks and concrete reservoirs.

Rubber base paints are very resistant to acids,
alkalies, salts, alcohols, petroleum products, and
inorganic oils. The resistance of these products
makes them ideal for use on the inside of metallic
and concrete storage tanks. If these structures are
submerged in water or are under ground, a special
form of this paint should be used because of
condensation.

Vinyl paint is one of the many synthetic resin
base paints. These paints dry to a film that is
tough, abrasionproof, and highly resistant to elec-
trolysis. They are odorless, tasteless, nontoxic,
and nonflammable. The film is especially
resistant to oils, fats, waxes, alcohols, petroleums,
solvents, formic acid, organic acids, ammonium
hydroxides, and phenols. Because of these
characteristics, vinyl paint is very applicable for
tanks, pipelines, wellheads, offshore drilling rigs,
pipe used in oil industries, railroad hopper cars,
dairy and brewery equipment, storage tanks, and
concrete exposed to corrosive environments.

Grease Coatings

Grease is another material used to form a
protective coating on structures. It is usually made
from a petroleum base and resembles paraffin or
wax, Grease can be applied either hot or cold.
However, it must be protected by some type of
wrapping to keep the grease from being displaced
or absorbed by the backfill soil when it is applied
to underground surfaces.

Concrete Coatings
Concrete coatings have been used with success

when properly applied to pipelines to be laid in
highly corrosive soils, such as areas containing



acid mine drainage or in brackish marshes. Well-
mixed concrete, usually a mix of one part portland
cement to two parts sand, may be applied to
pipelines. The thickness of the coating applied
may be up to 2 inches. If the concrete is properly
mixed and tamped around the pipe, it may last
40 years. However, concrete has a tendency to
absorb moisture and crack, which in many ways
limits its use. In fact, in places where the coating
cracks, electrolysis immediately starts to corrode
the metal. This corrosion can be partially
prevented by painting the pipe with a bituminous
primer before coating it.

Metallic Coatings

Metallic coatings such as galvanizing (zinc
coating) are very effective in protecting metallic
structures or pipes against atmospheric corrosion.
This type of coating is ideal for cold-water lines
and metals exposed to normal atmospheric
temperatures. However, metals such as iron cor-
rode rapidly when used in high-temperature equip-
ment because at a critical temperature of
approximately 140°F iron becomes anodic to zinc.
This results in the iron’s becoming the sacrificial
anode that corrodes readily.

Plastic Wrapping

Plastic tapes for wrapping come in rolls. They
may be procured in various widths. The tape is
wrapped around the pipes before they are laid in
the trench. The wrappings are applied by a
simple device that is clamped on the pipe and
turned by the UT. Pipe joints are wrapped after
the pipes are laid in the trench.

GALVANIC CATHODIC
PROTECTION

Galvanic cathodic protection is a method
used to protect metal structures from the action
of corrosion. As explained before, galvanic cell
corrosion is the major contributing factor to the
deterioration of metal by electrochemical reaction.
The area of a structure that corrodes is the anode
or positive side of the cell. Corrosion occurs when
the positive electric current leaves the metal and
enters the electrolyte. Galvanic cathodic protec-
tion is designed to stop this positive current flow.
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When the current is stopped, the corrosive action
stops and the anodes disappear. This type of pro-
tection depends upon the neutralization of the cor-
roding current and the polarization of the cathode
metal areas.

METHODS OF GALVANIC
CATHODIC PROTECTION

Galvanic cathodic protection is a means of
reducing or preventing the corrosion of a metal
surface by the use of sacrificial anodes or
impressed currents. When sacrificial anodes are
used, it is known as the galvanic anode method.
If impressed currents are used, it is known as the
impressed current method. These two methods
can be used separately or with each other,
depending upon the corrosive characteristics of
the electrolyte surrounding the structure.

Galvanic Anode Method

The galvanic anode method of cathodic pro-
tection uses an electrode referred to as a sacrificial
anode that corrodes to protect a structure. This
sacrificial anode is electrically connected to and
placed in the same electrolytic area of the struc-
ture. The anode used to protect iron or steel
structures should be made of magnesium or zinc
so it will produce a sufficient potential difference
to cause the structure to become a cathode. The
action of this type of galvanic protection causes
the electric current to flow from the sacrificial
anode through the electrolyte to the structure to
be protected. The electrical connection between
the two metals completes the circuit and allows
the current to return to the corroding metal. The
sacrificial anode becomes the anode of the
established dissimilar metal galvanic cell, and
the structure to be protected becomes the
cathode. The current from the sacrificial anode
is intense enough to oppose or prevent the
positive current from leaving the anodes in the
structure to be protected. These structure anodes
are then suppressed, and the metal in the
structure becomes a cathode. The prevention of
these positive currents from the anodic areas
in the structure reduces the corrosion rate to
almost zero.

Galvanic cathodic protection is used in areas
where the corrosion rate is low and electric power
is not readily available. A typical example of



galvanic cathodic protection is shown in[figurel

Impressed Current Method

The impressed current method of cathodic
protection is designed to protect large metal
structures located in corrosive areas. With this
method of protection a source of alternating
current is required. Also, a rectifier is needed to
obtain the required direct current potential.

The basic principle of the impressed current
method is merely the application of the galvanic
cell reaction. The component parts of this method
are the cathode (the metal structure to be pro-
tected), the anode (made of suitable anodic
material), the electrolyte or ground (the ionized
corrosive material), and the rectifier and various
connections that serve to complete the electrical
circuit. The operation of this method depends on
the rectifier forcing direct current from the anode
through the electrolyte (ground) to the metal struc-
ture to be protected. This method causes the metal
structure to be the cathode, suppresses the anodic
currents from it, and, in turn, prevents corrosion
of the structure. An impressed current method of
cathodic protection is shown in[figure 7-15]

FIELD TEST EQUIPMENT
FOR CATHODIC PROTECTION

The items of field test equipment that the UT
uses to make tests when installing, operating, and

maintaining cathodic protection systems are the
volt-millivoltmeter, multicombination meter,
resistivity instrument, buried pipe locator, and the
protective coating leak detector. This equipment
is discussed in the following paragraphs.

Volt-Millivoltmeter

In corrosion and cathodic protection testing
in the field, it is necessary to measure the poten-
tial of the structure being investigated as com-
pared to the earth along the structure and to other
metallic structures. It is also necessary to measure
the potential of rectifiers, batteries, galvanic
anodes, and sometime potentials along the earth’s
surface to determine the distance being protected.
The potentials may vary from millivolts to 20 volts
or more. Various types of voltmeters are used for
this purpose. One of these instruments is the volt-
millivoltmeter. It is a recording instrument
designed with a chart that makes one revolution
in 24 hours. The instrument will record the varia-
tions in potential and reveal the electrolytic
conditions around a structure.

Multicombination Meter

The multicombination meter is used quite
often in cathodic protection work. It is designed
as a combination unit and actually consists of
more than one instrument. The meter can be used
as a high-resistance voltmeter, an ammeter, a
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Figure 7-14—Galvanic cathodic protection.



milliammeter, a low-resistance voltmeter and
millivoltmeter, and a potentiometer voltmeter.

The multicombination meter maybe used to
measure galvanic anode current between an anode
and structure, galvanic current between structures,
and potentials as with other types of voltmeters
and millivoltmeters.

Resistivity Instruments

Resistivity measuring instruments are units
used to test the corrosive action of a soil. Tests
regarding soil corrosivity are necessary when
designing cathodic protection systems. Informa-
tion from these tests is used to locate the most
corrosive areas where a pipeline is to be laid and
the most corrosive areas of an existing pipeline.
It is also used to decide the location for anode
beds.

One of the simplest methods for making a
resistivity test is to use a single probe resistivity
meter. It consists of a probe with two electrodes,
an indicating instrument, switches, and the re-
quired wiring. To use this instrument, the probe
is inserted into the ground and current is applied
to it. The indicating instrument gives a reading
that indicates the corrosiveness of the soil.

AC SUPPLY

GROUND LEVEL

Buried Pipe Locator

In the field of cathodic protection work, it is
necessary to locate pipes in order to locate
interferences in the cathodic protection system.
An electronic pipe locator is used for this purpose.
The main components of the locator are the direc-
tional transmitter and the directional receiver.
Each one of these units is carried by an operator.
The operators are usually about 30 feet apart.
During actual operation the transmitter sends out
signals which travel along the pipeline. The
receiver, in turn, picks up these signals in
varying intensities, depending on the distance the
operators are from the pipe. When both operators
are directly over the pipe, a maximum response
is obtained in the phones and on the visual meter
of the receiver. Most pipe can be located easily
and accurately in this manner.

Protective Coating Leak Detector

A protective coating leak detector (referred to
as a holiday detector) is used to detect the
imperfections (holidays) in pipe coatings. The
holiday leak detector is an instrument that
operates on an electric current. When it is being
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Figure 7-15.—Impressed current method of cathodic protection.
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moved along a pipe that is covered by a
coating or wrapping, a completed circuit
between it and the pipe reveals a holiday and
causes a bell to ring or a bulb to light or a
buzzer to sound.

MAINTENANCE OF ANODE SYSTEMS

The anode system of cathodic protection
requires little maintenance since there is no
power source.

Magnesium and zinc anodes used in the
anode system sometimes suffer local or
self-corrosion that reduces their efficiency.
Replace the anode when the efficiency drops
to a minimum. Anode life varies from 5 to
30 years, depending upon the type of anode
used. It is conservative to figure that about
17 pounds of magnesium or 25 pounds of
zinc are wasted away by electrolysis from an
anode per ampere year. To detect the
effectiveness of cathodic protection, you
should install test stations in anode systems.
MAINTENANCE OF IMPRESSED
CURRENT SYSTEMS

The impressed system of cathodic
protection requires considerably more
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maintenance than the anode system. This is because
an electrical current is used for the operation of the
system. The current may come from any alternating
current source. When alternating current is not
available, you can use other generating sources to
furnish the alternating current. The transformer-
rectifier used in the system requires much less
maintenance and servicing than other sources of
current. However, systematic maintenance
procedures must be used to keep these units in
operating condition.

The transformer-rectifier set consists of two
units, a transformer and a rectifier. The transformer
steps the voltage down to a value of 12 to 40 volts.
The rectifier changes the alternating current to
direct current. Remember to keep all of the
connections on this unit airtight.

The materials most often used for anodes with
impressed current are aluminum, high-silicon cast
iron, and graphite. Scrap iron and steel may be used
for anodes since they waste away at a rate of 20
pounds per ampere year. Replace anodes when they
are wasted away. Insulated wire that resists
electrolytic action must be used to make the
connections between the anodes and the structures
to be protected. The insulation on existing
current-carrying lines should be checked. Replace
the wires if they are deteriorating. Ensure that
overhead wiring is fastened securely to the poles
and that all connections are tight.



CHAPTER 8

FIRE PROTECTION SYSTEMS

This chapter describes the operation,
testing, and maintenance of fire protection
systems for buildings and other structures. Fire
protection systems include automatic sprinkler
systems, standpipe and hose systems, foam
extinguishing systems, gaseous extinguishing
systems, and chemical extinguishing systems.
Fire alarm and detection equipment are
discussed, showing the relationship between
the mechanical and electrical components of
these systems.

Because of the large number of
manufacturers and models of fire protection
systems, the Utilitiesman cannot be expected
to acquire a detailed knowledge of all
installation and maintenance considerations
involved with this equipment. The principles
presented in this chapter apply on a general
basis for any given device or system you may
encounter in the field. Refer to the
manufacturer’'s manuals, job specifications, the
National Fire Protection Association Codes,
and local codes for in-depth information
regarding specific types of equipment.

AUTOMATIC SPRINKLER SYSTEM
CHARACTERISTICS

Automatic sprinkler systems automatically
distribute water upon a fire in sufficient
quantity to either extinguish the fire or prevent
its spread. All sprinkler systems have three
bassic components. They are (1) a water
supply, (2) a piping network to carry the
water, and (3) sprinklers that distribute the
water. This section discusses the three major
categories of sprinkler systems with their
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related controlling devices, fittings, and the
sprinklers that may be chosen for installation
into these systems.

TYPES OF SPRINKLER SYSTEMS

There are several types of sprinkler
systems. The most common ones are the wet
pipe, the dry pipe (that uses the differential dry
pipe valve, the low-differential dry pipe valve,
or the mechanical or latched-clapper dry pipe
valve), the water deluge, the pre-action, and the
combined systems.

Wet Pipe System

The wet pipe sprinkler system is the most
common type. This system has automatic
sprinklers attached to a piping network with
piping under pressure at all times. The
sprinklers are actuated by the heat of a fire. A
wet pipe system is generally used when there is
no danger of the water in the pipes freezing or
when there are no special conditions that
require a special purpose sprinkler system.

The wet pipe sprinkler system may have an
alarm check valve [figs. 8-1 land 8-2). This
device is used to maintain a constant pressure
on the system piping network above the valve.
When there is a fire, the flowing water causes
the clapper assembly inside the alarm check
valve to open. This permits a portion of the
water to flow through a port in the valve that is
connected to an alarm device. To prevent false
alarms, you can place a retard chamber in the
piping between the alarm check valve and the
alarm device.



Dry Pipe System

In a dry pipe system, the pipes normally
contain either air or nitrogen under pressure. Dry
pipe systems are used in areas where the water in
the pipes is subject to freezing.

A dry pipe valve acts as a control between the
water supply and the air under pressure in the
piping network. The dry pipe valve must be in a

heated enclosure because pressurized water is at
the underside of the valve. A small amount of
water, called priming water, is also inside the dry
pipe valve itself to ensure a tight seal of the
clapper and to keep the rubber gaskets pliable. The
valve is usually made so that a moderate air
pressure holds back a much greater water
pressure. There are several types of dry pipe
valves.
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Figure 8-1.—Alarm check valve.



€8

TO SYSTEM

2 3

UPPER BODY
RESTRICTION

- N RESTRICTION NUT

d .

- ~ DIAPHRAGM.

VALVE BODY | | INLET RESTRICTION
Y \

PILOT VALVE DISK g

ALARM | VALVE

TO ALARM

R '////////////,,/

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

CLAPPER PIN i Z
CLAPPER __ YV 777
CLARPER HINGE
CLAPPER SFRING o ( >
ALARM LINE
\OJ. STRAINER
O'RING_ 3 ,;;//
CLAPPER SEAT RING by Y STOP COCK
HINGE PIN _ \\‘:“?/t FOR ALARM CONTROL o D:.A‘N
="\
" N L.
Y) NF7
RETAINER DISK Y PIPE PLUG - REMOVE FOR
N PILOT VALVE ADJUSTMENT

PILOT VALVE DISK SEAT R
NOZZLE BUSHING \\ N
NOZZLE PACIKING ___— \ N W
PILOT VALVE nozzu//§ ! ‘

L . ] r J

I ]
WATER SUPPLY
87.350

Figure 8-2.—Alarm check valve (section).



DIFFERENTIAL DRY PIPE VALVE.—The
differential dry pipe valve [fig. 8-3) has a large
clapper on the air side that bears directly on a
smaller water side clapper. The differential
between the areas of the two clappers is
approximately 6 to 1. Therefore, relatively low air
pressure can hold back a much larger water
pressure. For example, 30 pounds per square inch
(psi) air pressure can hold back 180 psi water
pressure.

To eliminate an accidental trip of the valve
and false alarms, air pressure should be
maintained at least 20 psi greater than the
calculated trip pressure of the dry pipe valve. This
is based on the highest normal water pressure of
the supply system.

In operation, when there is a fire the heat ac-
tuates the sprinklers and allows the air pressure to
be relieved from the piping network. The
differential is destroyed. The water pressure below
the valve opens the clapper, allowing water to flow
through the piping to the open sprinklers. This

ALARM SWITCH
OPTIONAL

operation has an inherent time delay between the
actuation of the sprinklers and the application of
water to the fire. This delay can be shortened by
adding an accelerator or an exhauster to the dry
pipe system.

The accelerator allows air from the
system’s piping to enter the intermediate chamber
in the dry pipe valve, destroy the differential, and
open the clapper.

The exhauster opens and exhausts
air from the piping system faster than through the
sprinklers, destroying the differential sooner.

LOW-DIFFERENTIAL DRY PIPE
VALVE.— Occasionally the water supply to dry
pipe valves contains debris. With a differential dry
pipe valve, the high velocity of water entering the
system when the valve trips can carry the debris
into the system, plugging system piping and
sprinklers. If debris in the water is a problem, the
low-differential dry pipe valve may be
useful.
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Figure 8-3.—Differential dry pipe valve.
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Figure 8-5.—Dry pipe system exhauster.
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Figure 8-7.—Air pressure maintenance device.
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The clapper in the low-differential dry pipe
valve is only slightly larger on the air side than on
the water side. The air pressure in the system is
maintained approximately 15 to 20 psi greater
than the water pressure. Because the sprinkler
system piping contains air pressure about equal to
the water pressure, the sudden rush of water is
slowed and only a slight amount of water is
diverted into the branch lines, which do not have
operating sprinklers after the valve opens.

With either a differential or low-differential
dry pipe valve an automatic air maintenance
device must be used to maintain air
pressure and prevent accidentally tripping the dry
pipe valve. Also, an automatic drain or high-water-
level alarm is required for the priming water level
so the water does not accumulate. (If there is too
much priming water, the valve cannot operate.)
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Figure 8-8.—Mechanical dry pipe valve.
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MECHANICAL OR LATCHED-CLAPPER
DRY PIPE VALVE.— The mechanical or
latched-clapper dry pipe valve operates under
the same theory as other dry pipe valves.
It has system air pressure against a small
disk, diaphragm, or clapper. An Arrange-
ment of levers, links, and latches on the
valve clapper provides the leverage for the
closing force placed on the water clapper
8-8).

Water Deluge System

A water deluge system is
used where there is an extra hazard, such

as areas where flammable liquids or pro-
pellants are handled or stored, or where
there is a possibility that a fire might
grow faster than ordinary sprinkler systems
can control. These systems are also often
used in aircraft hangars where ceilings are
unusually high and where drafts may deflect
the direct rise of heat so that sprinklers
directly over the fire would not open promptly
but others, at some distance away, might
open without having any effect on the
fire.

In the water deluge system, all sprinklers con-
nected to the piping network are open and the
water supply is controlled by a water deluge
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valve [fig. 8-10). The water deluge valve remains
closed until a fire is detected by a heat-actuated
device that in turn causes the valve to open. Heat-
actuated devices (H.A.D.) can be either mechanical
or electrical in operation. They are discussed in
further detail later in this chapter.

The deluge system has a time delay between
detection of a fire and the discharge of water at the
sprinkler heads. This delay is due to the time
required to operate the valve and fill the piping
network with water, similar to the dry pipe system.
To reduce the delay, the deluge system may be pre-
primed by filling the piping network with water
downstream from the deluge valve. To prevent
water from escaping from the sprinklers, pre-prime
plugs are placed on the sprinklers. These
plugs blow out of the sprinklers at approximately
20 psi water pressure.

Pre-Action System

A pre-action system differs from a deluge
system only in that it has normally closed
automatic sprinklers. When the fire detecting
device is actuated, the water control valve opens
and admits water into the piping system. The
system then acts the same as a wet pipe system.
Individual sprinklers are opened by the heat of the
fire. The advantage of the pre-action system is that
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the probability of inadvertent water discharge is
minimized because operation of both the detection
system and automatic sprinklers is necessary for
discharge of extinguishing water.

It is incorrect to refer to pre-action systems as
dry pipe sprinkler systems. It is true that the pre-
action system piping does not contain water.
However, the term dry pipe system refers to the
type of sprinkler system and the type of water
control valve that operates the system.

There are two types of pre-action systems.
First is the supervised system, which has air
introduced into the system piping at a pressure of
approximately 5 psi. This air pressure “supervises”
the piping to detect leaks. The pressure switches
used for detection of low air pressure on
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Figure 8-11.—Sprinkler pre-prime plugs.
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Figure 8-10.—Deluge valve.
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the supervised system should record in inches of
water rather than pounds per square inch. The second
system is the unsupervised pre-action system. It has
no means of continuous monitoring.

Combined System

A combined system [fig. 8-12) is a special purpose
arrangement using two modified dry pipe valves
connected to tripping devices and piped in parallel to
supply water to the same sprinkler system. The piping
net work is filled with air under pressure. When a fire
is detected, an exhauster at the end of the system
opens and releases the air within the system. The
system then operates the same as a pre-action system.
However, if the detection system fails, the combined
system acts the same as a dry pipe system and allows
water to be admitted to the system when the
sprinklers open, discharging the air from the piping
network.

TUBING OR WIRING TO FIRE DETECTION SYSTEM

| . TRIPPING TRIPPING . | ]
ﬂ g‘l 7 DEVICE oy DEV!CE*{

1

;
™

_

-
'._-l

.
=

SUPPLEMENTAL
CHAMBER —1

= ‘ EXHAUSTER —T

l

TO SPR. SYSTEM

N\

I/2' BYPASS

ey VALVE
K
. D.PV. i
B—n
= DRAIN
APPROVED
INDICATING
VALVE

FROM WATER SUPPLY

87.360
Figure 8-12—Combined system header arrangement.

TYPES OF SPRINKLERS

Sprinklers are nozzles placed at intervals along
the piping network to distribute a uniform pattern of
water on the area being protected. To attain
maximum efficiency, the stream of water must be
broken into droplets. A deflector (part of the frame of
the sprinkler) breaks up the water.

You, as a UT, will generally install sprinklers to
meet the specifications and plans of a project. When
you require more information on proper locating of
sprinklers, refer to the National Fire Protection
Association Code Book Number 13 (NPFA #13),
entitled Installation of Sprinkler Systems.

Automatic sprinklers are designed for specific
applications based on orifice size, deflector design,
frame finish, and temperature rating. Sprinklers have
orifices ranging in size from 1/4-inch to 1/2-inch
diameter graduated by 1/16-inch increments. There is
also one 17/32-inch size orifice. Deflectors give
different patterns of water distribution and allow the
sprinkler to be placed in various locations such as
upright, pendent, or sidewall [(fig. 8-13). Next,
sprinkler frames may
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Figure 8-13.—Sprinkler deflector styles.



be plated for appearance or they maybe coated for
protection from an adverse environment. For example,
sprinklers that will be used in corrosive atmospheres
are either lead- or wax-coated. Finally, automatic
sprinklers are normally held closed by heat-sensitive
elements that press down on a cap over the sprinkler
orifice and are anchored by the frame of the sprinkler.
The heat-sensitive elements melt and release at
different temperatures depending on application.
Sprinklers are color coded to identify the temperature
range rating of the fusible element [table 8-1). Color
coding is not required for plated sprinklers, ceiling
sprinklers, or similar decorative types.

There are basically four types of release
mechanisms for automatic sprinklers. They are the
fusible link, frangible bulb, frangible pellet, and
bimetallic element.
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Figure 8-14.—Fusible link automatic sprinkler.

The fusible link sprinkler (fig. 8-14) is kept closed
by a two-piece link held together by a solder with a
predetermined melting point. When the solder melts,
the levers pull the two-piece link apart and fly away
from the sprinkler. Pressure in the piping network
pushes the cap from the orifice of the sprinkler to
discharge water.

The frangible bulb sprinkler has a
small bulb made of glass between the orifice cap and
the sprinkler frame. The bulb is partially filled with a
liquid. Air fills the remaining space. Heat from a fire
will cause the liquid to expand against the air causing
the glass bulb to shatter and opening the sprinkler for
water discharge.

87.363
Figure 8-15.—Frangible bulb automatic sprinkler.

Table 8-1.—Sprinkler Temperature Ratings

MAXIMUM AMBIENT TEMPERATURE TEMPERATURE SPRINKLER
CEILING TEMPERATURE RATING CLASSIFICATION COLOR CODE
(°F) (°F)
100 135 to 170 Ordinary Uhcolored
150 175 to 225 Intermediate White
225 250 to 300 High Blue
300 325 to 375 Extra High Red
375 400 to 475 Very Extra High Gre%%
475 500 to 575 Untrahigh Orange

8-10



A frangible pellet sprinkler[(fig. 8-16) has a rod
between the orifice cap and sprinkler frame. The
rod is held in place by a pellet of solder under
compression. When the solder melts, the rod moves
out of the way of the orifice cap. The cap is pushed
off by the water pressure in the piping network.

The bimetallic element sprinkler
uses a disk made of two distinct metals as a heat-
sensitive element. When the sprinkler is off, the
disk maintains pressure on a piston assembly.
When a fire occurs and the temperature reaches
the sprinkler's rating, the disk flexes and opens,
releasing pressure on the piston assembly and
allowing a small amount of water to bleed out of
the piston chamber faster than it can be replaced
through a restrictor. The water pressure in the
piping network pushes the piston down and allows
water to discharge from the sprinkler. When the
temperature of the heat-sensitive element is
reduced, the element returns to its normal position
and allows water to pass through the restrictor,
filling up the piston chamber, forcing the piston
into the closed position, and stopping water
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DO NOT
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discharge. This sprinkler can be wused to
automatically cycle on and off as necessary; for
example, to put out a rekindled fire.

Other sprinkler heads that do not have release
mechanisms include the dry pendent sprinkler, the
open sprinkler, and water spray nozzles.

!
-\-I‘.-v

87.365
Figure 8-17.—Bimetallic element automatic sprinkler.

CONVENTIONAL SPRAY SPRINKLER

MODEL E

a

UPRIGHT SPRAY SPRINKLER
MODEL E

87.364

Figure 8-16.—Frangible pellet automatic sprinkler.
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A dry pendent sprinkler (fig. 8-18) is used when
pendent sprinklers must be placed on dry pipe
systems or in wet pipe systems when the area to be
protected is subject to freezing (such as a walk-in
reefer or outside shop area) and the piping network
is installed in a heated area. This sprinkler is fitted
with a tube within an attached pipe. The tube holds
the water sealing elements in place against a
watertight seal at the top of the pipe. When the
sprinkler is actuated, the tube drops down and
releases the elements through the tube and out the
open sprinkler with the water discharge.

Open sprinklers consist only of a sprinkler
frame and deflector. They are used on special
sprinkler systems such as deluge or rapid reaction
systems [(fig. 8-19).

Water spray nozzles are used for
special application of water in various patterns (for
example, wide or narrow angle, long throw or flat
patterns). The different patterns may be achieved by
either internal or external deflection of the water
stream depending on the type of nozzle.

87.366
Figure 8-18.—Dry pendent automatic sprinkler.
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SPRINKLER SYSTEM DETECTION
AND INDICATING DEVICES
AND FITTINGS

Sprinkler systems have many different con-
trolling devices and fittings. These can be classified
as detecting or initiating devices or fittings. Their
function is to detect system operation and to initiate
system operation or alarm systems connected to the
sprinkler system. This section discusses these
devices and fittings to aid you in installing and
troubleshooting sprinkler systems and
understanding the interface between the mechanical
and electrical functions of these devices.

Water-Flow Actuated Detectors

Sprinkler water-flow detectors are generally
pressure-actuated or vane-actuated. Pressure
switches are used on both wet and dry pipe systems.
Vane switches are widely used on wet pipe sprinkler
systems. They cannot be used on dry pipe systems
because the initial rush of water into the pipe could
damage the vane and mechanism.

Dry pipe system alarms tend to be slow-acting
because it takes time to lose sufficient air through a
fused sprinkler to trip the system. Various methods
are used to speed up dry pipe systems as discussed
earlier.

Wet pipe system alarms have a different
problem. Fluctuating water pressure frequently
causes flow into a sprinkler system, equalizing the
sprinkler system pressure with the supply pressure.
Such surges of water or of pressure cause false
water-flow alarms if some method of slowing

87.367

Figure 8-19.—Open sprinklers.
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Figure 8-20.—Water spray nozzles.

down the switch response to the surge is not used.
Various retarding techniques are used, some
associated with the sprinkler piping and some with
the water-flow detector.

The pressure increase type of water-flow
detector comes in numerous styles. It is
found in wet or dry pipe sprinkler systems. The
usual arrangement for switch actuation includes a
sealed accordionlike bellows that is assembled to a
spring and linkage. The spring-tension setting
controls the pressure at which the flow detector is
actuated. It can be field adjustable and/or factory
set to the desired pressure that activates the
electrical switch. If this pressure switch is to be
used on a wet pipe system, it is usually mounted at
the top of a retarding chamber. This reduces the
speed of pressure buildup at the switch. Other
styles of this switch incorporate a pneumatic
retarding mechanism within the detector housing.
The retard time is adjustable to a maximum of 90
seconds. Usual settings are in the range of 20 to 70
seconds. The retard switch is connected to the
alarm port of a wet sprinkler system alarm check
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87.369
Figure 8-21.—Pressure increase type of water-flow detector.

valve. It is usually set for a pressure range of 8 to
15 psi.

Pressure drop detectors can be used in wet
pipe sprinkler systems equipped with a check



valve (alarm check or swing check) that holds
excess pressure on the system side of the check
valve. These detectors are frequently used where a
water surge or hammer causes false alarms with
other types of water-flow detectors. The con-
struction of pressure drop detectors is similar to
the pressure increase detectors. The switch for a
pressure drop detector is arranged to actuate on a
drop in pressure. There is no retarding mechanism
or chamber. A typical switch of this type would be
adjusted for a normal operating pressure in the
range of 50 to 130 psi. The alarm pressure would
be adjustable between 10 to 20 psi below normal
pressure.

A vane type of water-flow detector[(fig. 8-22) is
used only in wet pipe sprinkler systems. The
detector is assembled at the pipe by drilling a hole
in the wall of the sprinkler pipe, inserting the vane
into the pipe, then clamping the detector on with
U-bolts. When the sprinkler system is actuated by
fire, the water flowing through the pipe causes the

87.370
Figure 8-22.—Vane type of water-flow detector.
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vane to move. A mechanical linkage connects the
vane to an adjustable retarding device, usually a
pneumatic dashpot. The retarding device actuates
the alarm switch or switches and/or signal
transmitter. The retarding device setting is usually
in the range of 30 to 45 seconds. A maximum
setting may be as high as 90 seconds if necessary.

The pressure pump/pressure drop type of
water-flow detector is used in large sprinkler
systems and in those systems with inadequate
water pressure to reliably operate one of the other
types of water-flow detectors. These detectors are
also known as fixed-pressure, water-flow detectors,
with pump This detector has a pump,
pump motor, and control unit. It is arranged for
strap-mounting to the sprinkler system riser. The
device provides a water-flow alarm signal, a low
system water pressure supervisory signal, and
excess pressure in the system to prevent surges in
the supply pressure from opening the alarm check
valve and causing operation of the water motor
gong or other alarm indicators.

A typical detector of this type is adjusted to
maintain the system pressure at 25 to 50 psi above
supply pressure. A slow leak at the alarm check
valve or anywhere in the system will cause the
system pressure to drop slowly. When pressure
decreases to 2 psi below the preset value, a
pressure switch closes, causing the pump to start
pumping water from the supply side to the system
side of the alarm check valve at a rate of about 1
gallon per minute (gpm). If the total system leaks
less than 1 gpm, the pressure switch opens and
stops the pump when the preset pressure is
reached. However, if the system leaks are greater
than 1 gpm, system pressure will continue to drop
even with the pump running. If system pressure
decreases to 4 psi below the preset value, a trouble
pressure switch opens to indicate that there is a
leak greater than 1 gpm. If the water pressure
continues to drop to 6 psi below the preset value,
an alarm pressure switch closes, signaling a water-
flow alarm. Some water-flow detectors of this type
have an additional switch that disconnects pump
power when the supply water pressure drops below
14 psi. This prevents pump burnup in case of total
supply shutdown or a break in the supply line.
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Figure 8-23.—Fixed pressure water-flow detector with pump.

The electronic pressure drop detector is
often used in sprinkler systems that must
maintain a high excess system pressure over
supply pressure that would delay actuation of
a vane type of water-flow detector. It is
normally mounted to the riser pipe with a
flexible hose connection to the system side
of the check valve. This device requires a
pressure drop of 5 to 20 ounces per square
inch continuing over a period of at least 3 seconds
to signal an alarm. A pressure drop at a slower
rate or of a shorter duration causes no alarm. A
slow pressure drop to 15 psi or less causes a
trouble signal indicating a system leak and low
supply pressure. Pressure increases do not cause
an alarm, but an over pressure condition (200psi)
causes a trouble signal. Trouble signals will also
be initiated when the detector’s cover is opened,
supply voltage is outside normal ranges, and an

internal circuit fails, interfering with detector
function.

Supervisory Alarm Initiating Devices

Supervisory alarm initiating devices cause a
signal at the supervisory control unit and/or
remote receiver when an abnormal fire protection
system condition occurs. In general, supervised
valves are never closed unless a sprinkler system
requires maintenance. Valves that control water
flow to a water-flow detector or valves in a
sprinkler header room or fire pump room that are
normally closed may be supervised. Supervisory
devices for normally open valves signal when the
valve is closed no more than two turns or 20
percent of its total travel. Supervisory devices for
normally closed valves signal when the valve is



opened no more than two turns or 20 percent of its
total travel.

Outside screw and yoke (OS&Y) valve position
indicators[(figs. 8-24 hnd 8-25) are firmly attached to
the valve yoKe (fig. 8126). The spring-loaded switch-
operating lever or plunger rests in a smoothly
tapered notch in the valve stem. When the valve is
operated, the stem moves in or out; the lever or
plunger moves up the incline at the edge of the
notch. The switch is actuated before the lever or
plunger is out of the notch. This causes a
supervisory signal at the control unit and/or remote
receiver.

A post indicator valve (PIV) will have a posi-
tion indicator mounted to it (fig. 8-27). Usually

87.372
Figure 8-24.—0OS&Y valve position switch (plunger type).

87.373
Figure 8-25.—0OS&Y valve position switch (lever type).

a PIV is located outside the building and may be
mounted on the ground or on the building wall. A
spring-loaded lever rests against the side of the
open/shut indicator, called a target. As the valve is
operated, the target moves. The switch follows this
movement. The position indicating switch is
adjusted to cause a supervisory signal before the
operating nut has rotated two turns or 20 percent of
its full travel.

Nonrising stem valve position indicators are
attached to nonrising stem valves, usually installed
underground. The housing of the device is made of a
noncorroding material such as brass. The switch
itself is a magnetically operated, sealed reed switch.
As the valve is operated, the magnet moves away
from the reed switch. After the valve has

WALL-MOUNTED
JUNCTION BOX

SUPERVISORY
SWITCH

SWITCH LEVER (REST-
ING 1§ VALVE STEM
NOTCH

SECTION A-A
87.374

Figure 8-26.—OS&Y valve position supervisory switch
installation.
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Figure 8-27.—P1V position supervisory switch installation.

been opened two full turns the magnet is far
enough away from the reed switch to actuate it,
causing a supervisory signal at the control unit
and/or remote receiver.

Water level in sprinkler system reservoirs
must be maintained within certain limits. There
are usually automatic controls for maintaining the

desired water

level. Water level supervisory

devices cause a supervisory signal when the water
level is not maintained between the desired high

and low limits.

A float-actuated level indicator [(fig. 8-28) is
mounted outside on the wall of a tank with its float
and lever extended into the tank. The lever arm
pivots at the tank wall and rises or falls with the
water level. A switch or switches (one for high
level, one for low level) are actuated when the float

moves outside
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87.375

87.376

Figure 8-28.—Water level switch (float actuated).



of normal limit§._Figure 8-29 shows a typical high-
low water level supervisory device installed in a
sprinkler system reservoir.

A pressure-actuated level indicator is physi-
cally very similar to the bellows-operated pressure
switches used for water-flow detection[(fig. 8-21)).
As the water level changes in a reservoir, the water
pressure at the supervisory switch also changes.
The switch can be adjusted to actuate when
pressure indicates a low water level or a high water
level. This device is generally installed in the
piping near the bottom of the reservoir.

Electronic level indicators may also be found
in some systems. These indicators read the con-
ductivity of water to cause an electrical signal.
These devices are most frequently used to sense
high water levels. They are not commonly used
in fire protection systems.

Temperature supervisory devices are used to
prevent water freezing in fire protection systems.

-

|————— WALL OF TANK

FLOAT
/

HIGH WATER
LevEL ——,
2" ;

NORMAL

LEVEL
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12" [
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LEVEL
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-

|ag———— DOWN TO JUNCTION BOX
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~
> HIGH—LOW WATER LEVEL
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FLEXIBLE WATERPROOF
CONDUIT (TYPICAL)

SECTION THROUGH TANK

87.377

Figure 8-29.—Installation of water level and water
temperature supervisory devices.

Utilitiesmen will most commonly work with low
water temperature indicators. These are usually
sealed, factory-set thermostats and may be
installed in system pipe or reservoirs. The most
frequent low temperature setting is 40°F.[Eigurel
[8-29]shows a low water temperature indicator in-
stalled in a system reservoir.

You may find other supervisory devices in use.
They will usually be specifically designed for a
particular system. The principles of operation are
generally the same as those already discussed.
Physical mounting provisions or other details may
vary. Refer to NAVFAC MO-117, manufacturer’s
manuals, and NFPA #13 for more complete
information, when you must install or maintain
these devices.

WATER SUPPLY REQUIREMENTS

Water supplies that serve sprinkler systems
must be adequate and reliable. To determine the
amount of water necessary for a sprinkler system,
the rate of flow and pressure needed for effec-
tive performance must be known. If additional
fire hose streams from outside the building will
be required, these should also be included. The
combined water needed for all fire-fighting equip-
ment is known as the fire flow demand.

An adequate system can deliver the required
fire flow for a specified time with normal water
consumption at the maximum rate. To be reliable,
the system must also be able to deliver the fire
flow demand under certain emergency conditions,
such as when a supply main or pump is out of
service. The desired reliability of the system
depends upon the nature of the protected struc-
ture (people, property, or mission). Water may
be supplied by public or base sources, water tanks,
or fire pumps.

For specific information regarding the fire
flow demands of sprinkler systems, refer to NFPA
#13,[chapters 2] 7, and 8. These chapters will give
you the information required for the sizing of each
particular type of sprinkler system hazard based
on residual pressure, acceptable flow rates, and
duration times.

INSPECTION, TESTING, AND
MAINTENANCE REQUIREMENTS

Sprinkler systems, when properly installed, are
an effective means of fire protection for life and
property. To make sure these systems are reliable,
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periodic inspection and maintenance of system
components are required. Inspection should in-
clude a visual check and, if possible, a test of the
components to be sure a working condition ex-
ists. The frequency of the overall testing and in-
spection process is summarized in[ table 8-2]

INSPECTION AND TESTING

During inspections of sprinklers, certain con-
ditions indicate maintenance requirements. If
these conditions are not corrected, they will reduce
the reliability of the system. These conditions and

Table 8-2—Summary of Inspection and Test Frequencies for Sprinkler Systems

Conduct flow tests of open sprinklers

Conduct main drain tests

Test water-flow alarms

Check air and water pressure in dry pipe systems
Trip-test dry pipe valves

Drain low points in dry pipe systems

Trip-test deluge and pre-action systems

Trip-test high-speed suppression systems

Check general condition of standpipe systems
Perform water-flow tests

Check general condition of hydrants

Check water levels in tanks
Check general condition of water storage tanks

Check general condition of pressure tanks
Check tank heating systems

Inspect and test cathodic protection equipment
Start fire pumps

Check fuel supply to engine drivers

Perform fire pump flow tests

Inspect and test controllers

Inspect valves for open position

Test pressure regulating and altitude valves

Check general condition of sprinklers and sprinkler systems

Check general condition of fire department connections

Check water level and air pressure in pressure tanks

Conduct general preventive maintenance inspection of valves X
Inspect check valves, water-flow meters and backflow preventers X*

1—Annual trip test may be dry; wet trip test including flow of water through heads/nozzleg
shall be conducted a minimum of once every 3 years.

WEEKLY
MONTHLY
QUARTERLY
ANNUALLY
EVERY 3
YEARS

X
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some remedial actions are discussed in the
following sections,

Automatic Sprinklers

Conditions that indicate the need for
maintenance for automatic sprinklers include the
following:

® Mechanical injury such as bent or loose
deflectors or bent frames. Where sprinklers are
subjected to continual damage, provide approved
sprinkler guards.

® Corrosion such as marked discoloration or
hard deposits. Use lead-coated or wax-coated
sprinklers to prevent corrosion.

® Overheating causes soldered joints and
cracked quartz bulbs to give way. Temperature
ratings for soldered link sprinklers should be 50 “F
above (for quartz bulb sprinklers 25 ‘F above)
normal room temperature.

® Freezing produces reduced tension in
soldered links, bent struts, and distorted caps.

® Loading is deposits of paint or other
foreign materials.

® Need for replacement or relocation. Major
construction and occupancy changes and changes
to heating, lighting, and air-conditioning systems
may require relocation or replacement of
sprinklers or additions to the system. Changes in
sprinkler location and pipe sizes should be based
upon an engineering evaluation.

® Where sprinklers are installed in areas
where there is stockpiling of materials a clearance
of at least 18 inches under the sprinklers is
necessary for proper water distribution.

Keep a supply of extra sprinklers for the

various types and temperature ratings required
and a sprinkler wrench.

Outside Open Sprinklers

When you are servicing outside open
sprinklers, you should do the following:

® Visually check the general condition of
sprinklers.

©® Close windows and doors and take proper
precautions to avoid water damage to property
before making flow tests.

® Conduct the flow test by opening the
control valve.

After making flow tests, remove and clean any
plugged or obstructed sprinklers.

Piping and Hangers

In servicing piping and hangers, check for
mechanical injury and corrosion. Replace bent or
damaged piping and fittings and replace or repair
missing or loose hangers. Make sure that piping
is not used to support stock, equipment, or other
material.

Make sure wet pipe system piping is properly
protected against freezing. Before and during
freezing weather, check piping of dry pipe systems
for proper drainage. During freezing weather,
open drains for outside sprinkler systems. Drain
water from low point drains and drum drips on
dry pipe systems before freezing weather occurs.

Obstructed Piping

When evidence of obstruction of piping has
been found, check for the following sources of
obstructing material:

® Improperly screened inlets from open
bodies of water

® Poorly maintained elevated gravity tanks

® Dead end of extensive water distribution
systems

Poorly installed underground mains
Highly acid, alkaline, or saline water

Active chemicals in water supply

Use of secondhand materials in the
sprinkler system

® Frequent operation of systems (especially
dry pipe systems) introducing additional
foreign material and free oxygen

Alarm Check Valves

Perform a 2-inch drain test quarterly to test
alar m check valves. Open the 2-inch drain valve



fully and record pressure on the gauge located
below the clapper at the lowest point. Close the
2-inch drain valve and record pressure at the
stabilization point. Notice whether pressure
returns quickly or slowly. Maintain a continuous
record of drain tests. If recorded pressure when
the valve is wide open is similar to previous
recordings and pressure returns quickly, it is
normal.

If recorded pressure when the valve is wide
open is significantly lower or pressure is slow to
return when the valve is closed, there may be an
obstruction in the waterway. Check for the
following problems:

® Partially closed valves to sprinkler system

® Obstruction in alarm valve preventing
clapper from opening freely

Test local water-flow alarm operation monthly
by opening the test connection at the end
of the system. Where there is no test con-
nection, the alarm may be tested by opening
the bypass valve to the circuit opener or closer
or by opening the 2-inch drain valve about
two and one-half turns. Do not test water
motor alarms during freezing weather. To find
principal causes of alarm failures, check for the
following:

® Failure of automatic drain on retard
chamber to close

@ Closed or partially closed valve on piping
to alarm devices

® Plugging of bell casings of water motor
gongs by foreign material

® Corrosion of moving parts of water motor
gongs

® Detachment of shaft couplings from water
motor gongs

@ Insufficient water flow to operate devices

® Alarm check valve corroded shut (this
failure is not common and will not occur when
systems are properly maintained)
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To find principal causes of false fire alarms,
check for the following:

® Improper drainage of retard chamber (cor-
rect this by opening the chamber and cleaning or
repairing the automatic drain)

@ Pressure surges through the alarm check
valve

Fill wet pipe sprinkler systems slowly through
throttled valves and open the control valve wide
after the system has been filled. Be sure there is
no drainage from retard chambers. Leakage
means that the alarm valve clappers are not
seating properly. They require cleaning and
possibly overhauling.

Make internal inspections of alarm valves
when normal testing procedures indicate the need.

® Examine valve body for tuberculation.

® Check clapper operation—the clapper
should move freely without sticking or
binding.

@ Replace clapper facings as required.

® Resurface seat rings as required.

Dry Pipe Valves and Air
Check Valves

Air check valves are special, small, dry pipe
valves that are usually connected to a wet pipe
system. The alarms are actuated at the wet pipe
system riser when the air check valve “trips.” To
prevent premature operation, the valves should
be fitted with an air chamber to maintain at least
50 gallons of air in the chamber and on the system.

Perform the 2-inch drain test quarterly by
opening the 2-inch drain valve fully and recording
the pressure at the lowest point. Close the 2-inch
drain valve and record the pressure at the stabiliza-
tion point. Notice whether pressure returns
quickly or slowly. Maintain a continuous record
of drain tests.

If the recorded pressure when the valve is wide
open is similar to previous recordings and pressure
returns quickly, it is normal.

If recorded pressure when the valve is wide
open is significantly lower or pressure is slow to
return when the valve is closed, there may be an
obstruction in the waterway. Check for partially
closed valves to the sprinkler system.



Because dry pipe sprinkler systems are in-
stalled in areas where temperatures are expected
to drop below freezing, all parts of the system
must be airtight and kept free of water. Complete
drainage is essential.

Each fall, before freezing season comes, check
the pitch of all piping carefully using a spurt level
to detect dips and small pockets in the lines. Check
for:

® broken, loose, or missing hangers; and
® water in low point drains.

Check air and water pressures weekly. If air
pressure losses exceed 10 psi, check the entire
system for tightness and eliminate air leaks.
Principal checking methods are as follows:

@ Put a strong smelling oil, such as oil of
peppermint, into the air supply. This will produce
a strong odor at the point of leakage.

@ Paint fittings with a soapy water solution
and watch for bubbles.

Check the temperature of valve enclosure and
maintain a temperature above 42°F.

Make certain that the valve between the inter-
mediate chamber and the alarm devices is open
on dry pipe valves.

Check drip valves at intermediate chambers,
making certain that clappers or balls are in a posi-
tion to allow drainage. This is done by lifting push
rods or by inserting a pencil in the opening. Water
leakage through this valve is an indication that
the water clapper is not holding tightly to the seat.

Check the air pressure. The air pressure
versus water pressure for differential dry pipe
valves should be as outlined in[table 8-3]unless
otherwise specified by the manufacturer’s
operating instructions. Certain mechanical dry
pipe valves are designed to trip at a fixed pressure
of 10 to 15 psi. Maintain 30 psi air pressure on
these valves.

Basic inspections for accelerators and ex-
hausters include the following:

® Check air pressure. The system and the
quick-opening device air pressure should be the
same.

® Relieve excess pressure in the quick-
opening device by opening bleeder valves or
loosening air gauges.
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If the system pressure is high, relieve the
excess pressure through the priming water test
valve. Close the valve as soon as pressures
balance. To avoid the possibility of tripping the
dry pipe valve, do not open the priming test valve
more than one turn and keep the valve to the
quick-opening device closed while the priming test
valve is open.

To make sure that dry pipe valves will operate
effectively in fire situations, they should be
trip-tested annually as follows:

1. Close the main control valve.

2. Open the 2-inch drain.

3. Open the main control valve until 5 psi
pressure shows on the water gauge.

4. Close the 2-inch drain valve slowly.

5. Open the inspector’s test connection of the
system. Where there is no test connection, use the
most remote low point drain.

6. As soon as the dry pipe valve trips, close
the main control valve and open the 2-inch drain.
This is particularly important in permanently cold
areas.

7. Record initial air and water pressures, air
pressure at the trip point, and time required for
tripping.

8. Examine and clean the dry pipe valve in-
terior. Replace facings and gaskets if needed.

9. Reset the dry pipe valve and the open con-
trol valve.

10. When a dry pipe valve fails to trip or when
a clapper fails to latch in the open position, notify
the person responsible for fire protection so that
a qualified sprinkler contractor may be contacted.

To test dry pipe valves you should do the
following:

1. Close the main control valve and open the

2-inch drain valve and low point drain valves.

Table 8-3.—Differential Dry Pipe Valve Air Pressure
Specifications

MAXIMUM WATER AIR PRESSURE

PRESSURE RANGE
psi psi
50 15-25
75 20-30
100 25-35
125 30-45
150 35-50



Close low point drain valves when water stops
flowing.

2. Clean clapper facings and seats.

3. Clean the valve interior.

4. Place clappers on seats and make certain
the antiwater column latch is in place. Bolt on the
cover. Do not use grease or other material to help
seat clappers. Fill the system with 10 psi air
pressure to blow out any residual water through
low point drains.

5. Open valves at the top and bottom of the
priming chamber and priming test valves.

6. Admit water to the priming chamber
until water flows out of the test valve. Close this
valve.

7. Close the priming chamber valves.

8. Admit air pressure to the system.

9. Open the main control valve slowly.

10. Close the main 2-inch drain valve, except
where water hammer conditions exist. In this case,
leave the 2-inch drain valve open until pressures
stabilize.

To check air supply piping, do the following:

Note air pressure within 12 to 24 hours after
resetting the dry pipe valve. If air leakage exists,
test sprinkler piping for leaks.

Make sure the valves to manually operated
compressors are tightly closed. A slow air leak
back through one of these valves can trip the dry
pipe valve.

Examine restriction orifices in air piping and
air pressure regulators, if used, from automatic
air compressors to dry pipe valves.

Deluge and Pre-Action Valves

To test deluge and pre-action valves, perform
the 2-inch drain test quarterly by opening the
2-inch drain valve fully and recording pressure at
lowest point. Close the 2-inch drain valve and
record pressure at the stabilization point. Notice
whether pressure returns quickly or slowly. Main-
tain a continuous record of drain tests.

If the recorded pressure when the valve is wide
open is similar to previous recordings and pressure
returns quickly, it is normal.

If the recorded pressure when the valve is wide
open is significantly lower or pressure is slow to
return when the valve is closed, there may be an
obstruction in the waterway. Check for partially
closed valves to the sprinkler system. Check the
water pressure and the local water-flow alarm
through the bypass connection.
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Some deluge systems have both open and
closed sprinklers. Make sure heat-responsive
devices are provided in areas with both open and
closed sprinklers and are in service. Fusing of a
sprinkler will not operate a deluge valve. Where
conditions permit, trip-test each deluge valve every
3 years by flowing water through the heads/
nozzles. To conduct a deluge valve dry trip-test,
do the following:

1. Close the main control valve.

2. Apply an electric heat lamp to at least one
heat-actuating device in each circuit, testing one
circuit at a time. Note the time required to trip
the valve. Where flammable vapors may be pres-
ent, use a hot cloth or hot water in place of the
electric test set.

3. Reset the deluge valve and trip, using the
manual release.

4. Where fixed temperature releases are in-
volved, wait 15 minutes and trip by removing a
fusible element from the tubing or a heat-
responsive device.

5. When tests are complete, reset valves and
open the main control valves.

Because there are so many designs of heat-
responsive devices, test procedures for each
cannot be included here. See the individual
manufacturer’'s information for detailed testing
procedure. During routine inspections, check for
painted or corroded contacts, plugged vents, or
painted domes. Clean or replace affected devices.

Cathodic Protection Equipment

Inspect cathodic protection equipment as
follows:

1. While equipment is operating, note and
record current flow shown by meters. If there is
no current, check for blown fuses, electrodes
touching the tank, ground-wire connection to
tank, or electrodes not immersed in the water. If
equipment operates at voltages or amperages over
those listed on the nameplate, the rectifier may
be damaged. Check polarity and direction of
current flow. (If connections to rectifier are
reversed, rapid damage to the tank occurs.)

2. Check condition of electrodes that
deteriorate because of action of current passing
from electrodes to water. Replace worn electrodes.
(Watch for diminishing current flow on the
ammeter; this is a sign that the electrodes may be
failing.)



3. Protect electrodes from ice. If ice forma-
tion is a serious problem, turn off current and
remove and store the electrodes during the freez-
ing season. Tank protection will continue for
about 3 weeks after the unit is out of operation.
Reinstall the electrodes at the end of the freezing
season.

Nonfreeze Systems

No special testing of nonfreeze systems is
required, other than an annual check of the
specific gravity of the non freeze solution. If the
specific gravity indicates a need for replenishing
the nonfreeze agent, be sure to add the same agent
as was previously used.

High-Speed Suppression Systems

Full operational testing of high-speed suppres-
sion systems is conducted at intervals not to
exceed 3 years except when mission requirements
justify change. A detector or a manual release sta-
tion must be actuated. Check to be certain that
all nozzles are operating. Then, follow these steps
to reset the system:

1. Replace pre-prime caps and/or rupture
disks.

2. Refill piping with water.

3. If the system uses an explosive valve,
replace the firing squib and the squib holder.

MAINTENANCE REQUIREMENTS

The need for maintenance is shown by
periodic inspections. It should include replace-
ment of worn or broken components and clean-
ing and flushing of systems. A regular schedule
of maintenance requirements should be devised.
Logs recording accomplished tasks should be
maintained as a record of the system’s history.
Be sure to include manufacturers’ manuals for the
system components and consult them when
making repairs and adjusting or troubleshooting
the system.

GASEOUS EXTINGUISHING
SYSTEMS

Gaseous extinguishing systems are generally
found in areas where equipment is installed that
would be highly vulnerable to destruction from
water or dry chemical extinguishing agents.
Computer rooms, electronic gear such as radio
receiving and transmitting equipment, and power
generating facilities are examples of areas where
gaseous extinguishing system installation would

be desirable. In the Navy today, the Utilitiesman
will come in contact with two commonly used
systems. These are the carbon dioxide and the
halogenated gas systems. Each of these systems
is discussed in this section.

Gaseous extinguishing systems can be divided
into three general categories: local application,
total flooding, and hose line systems. Local
application systerms discharge agent onto the
burning material and are commonly used for pro-
tection of paint dip tanks, restaurant range hoods,
and special motors. Total flooding systems
discharge agent into and fill enclosed space. They
are commonly found in flammable liquid storage
rooms, computer installations, and transformer
vaults containing oil-filled equipment. Hose line
systems discharge extinguishing agent through
manually operated nozzles connected to a fixed
supply by piping and/or hoses. At present,
carbon dioxide is the only gaseous agent approved
for manual hose line systems.

CARBON DIOXIDE SYSTEMS

Here are two general methods of applying
carbon dioxide to extinguish a fire. One method
creates an inert atmosphere in the enclosure or
room where the fire is located for a prolonged
period of time. This method is called total
flooding. The second method is to discharge
carbon dioxide to the surface of liquids or
noncombustible surfaces coated with liquid
flammables. This method is known as local
application.

Carbon dioxide is electrically nonconductive.
It is used extensively for the protection of
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Figure 8-30.—Typical cylinder arrangement for high-pressure
CO, system.



electrical equipment. The nondamaging quality
of this agent makes it useful as an extinguishing
agent for computer rooms and computer tape
vaults.

There are two general types of carbon diox-
ide extinguishing systems, high pressure and low
pressure.

High-Pressure Systems

In the high-pressure system, high-pressure
cylinders are used to store liquid carbon dioxide
at ambient temperatures [(fig. 8-30). Normal
cylinder pressure is nominally 600 psi and varies
with the ambient temperature of the storage area.

19

Storage area ambient temperatures should not ex-
ceed 130°F or be less than 32°F. For safety pur-
poses, high-pressure cylinders have a frangible
disk that will burst at 3,000 psi to prevent cylinder
rupture as a result of overpressurization.

Low-Pressure Systems

Low-pressure systems have a pressure vessel
maintained at 0°F by insulation and refrigeration
equipment [(fig. 8-31). At this temperature, the
pressure in the container is approximately 300
psi. Because the container is kept at a low
temperature, the container can be filled to 90 to
95 percent of capacity. For safety purposes a relief

25
26, (Z) 22
1 o
2
— |
3
5
: £
6 =
® ®
1. Carbon dioxide pressure gage 17. Cooling coil
2. Carbon dioxide liquid-level gage 18. Manual shutoff vaive
3. Bleeder relief vaive, 341-1b (2350 kPa)(23.5 bars) 19. Master discharge valve
diaphragm type 20. Carbon dioxide gas-pressure pipe from discharge control
4. Pressure-relief-valve selector 21. Carbon dioxide supply pipe to selector vaives
5. Pressute-relief valves, 357-1b (2460 kPa}{24.6 bars) 22, 90 percent carbon dioxide liquid-content check tube
spring-loaded type with control valve
6. Carbon dioxide filling connection 23. Discharge test horn for checking carbon dioxide
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10. Dip tube 25. Carbon dioxide gas-pressure supply pipe to discharge
11. Pressure vessel, ASME Code control
12, Carbon dioxide liquid 26. Pressure relief, 600-1b (4140 kPa) (41.4 bers)
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Figure 8-31.—Refrigerated low-pressure CQ,storage tank.
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valve is installed to bleed off pressure at 341 psi.
Another relief valve operates at 357 psi for rapid
release of excess pressure. There is also a frangible
disk designed to burst at 600 psi should the relief
valves fail to control pressure buildups.

Advantages/Disadvantages of
CO; Systems

There are advantages and disadvantages to
each type of carbon dioxide system. Low-pressure
storage units have a liquid level gauge that con-
tinuously monitors the amount of carbon diox-
ide in storage. High-pressure systems require
weighing the cylinders. High-pressure systems
permit storage of almost the exact amount of
carbon dioxide required to protect a hazard area
because of the flexibility and selection of cylinders
in 50-, 75-, or 100-pound sizes. The smallest low
pressure is 750 pounds. High-pressure systems
require refilling and hydrostatic testing every 12
years. Low-pressure systems have no such require-
ment. Pressures in high-pressure systems vary with
the ambient temperature; this affects the discharge
rate of the system. Low-pressure systems keep the
liquid carbon dioxide at 0°F and 300 psi at all
times, assuring a uniform discharge rate. Another
advantage of low-pressure systems is their ability
to allow automatic, simultaneous discharge for
more than one hazard area on an engineered basis.
Hose reels can also be attached to these systems
to operate simultaneously with hazard protection.
A reserve supply can be provided by increasing
the storage unit size of low-pressure systems.
High-pressure systems require manifolding and
valving arrangements to achieve a reserve supply.

Storage of the carbon dioxide is also a con-
sideration in showing advantages or disadvantages
of these systems. High-pressure systems require
approximately 3 pounds of equipment for every

pound. Usually, low-pressure systems require less
floor space for storage of equal amounts of
carbon dioxide as compared with high-pressure
systems. In many instances, low-pressure storage
containers may be placed outside of the buildings.
High-pressure systems allow flexibility in
space requirements since multiple cylinder banks
may be stored in several smaller locations.
Low-pressure systems require one large, single
area for the refrigerated storage unit.

Operating Devices

As with all fire protection systems, carbon
dioxide systems must have operating devices for
discharge of the extinguishing agent and to cause
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alarms to be actuated. Many of the operating
devices discussed earlier in this chapter can be
used. Most commonly used are the heat-actuated
devices (H. A. D.) or smoke detecting devices.
Manual controlling devices are also used in
carbon dioxide systems. Whether the agent release
is automatic or manual, an alarm at the alarm
system control unit should be actuated.

Piping

Carbon dioxide fire protection system pipe
and fittings are selected to have suitable low
temperature characteristics and good corrosion
resistance inside and out. Ferrous metals are
galvanized steel, copper, brass, and other
materials having similar mechanical and physical
properties are acceptable. Copper tubing with
suitable flared or brazed connections is also
acceptable. Cast-iron (gray) pipe and fittings are
not used.

Pipe and fittings for high-pressure systems
have a minimum bursting pressure of 5,000 psi.
In low-pressure systems, pipe and fittings have a
minimum bursting pressure of 1,800 psi.

Between the storage tank and selector valves,
black steel pipe may be used because of the larger
sizes involved and its airtightness.

The supply piping is usually routed to prevent
unnecessary exposure to high temperatures from
ovens or furnaces or to direct flame impingement
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Figure 8-32.—Carbon dioxide nozzles.



before discharge. Hot piping causes excessive
vaporization of carbon dioxide and a resultant
delay in effective discharge.

Pressure relief devices or valves that prevent
entrapment of liquid carbon dioxide may be in-
stalled on sections of piping that can be closed
off. On high-pressure systems, relief devices
usually operate at 2,400 to 3,000 psi, and, on low-
pressure systems, at 450 psi.

Nozzles

Nozzles are of various designs and discharge
patterns. Two common types are shown in[figurel
[8-32. Nozzles are marked with a code number in-
dicating the diameter in 1/32-inch increments of
a single orifice standard nozzle having the same
flow rate. A No. 5 nozzle, for example, has the
same flow rate as a 5/32-inch-diameter standard
orifice. A plus sign ( + ) after the number indicates
a 1/64-inch larger size. Decimals are sometimes
used to indicate sizes between the whole numbers.

TOTAL FLOODING SYSTEMS

Total flooding systems are used for rooms,
ovens, enclosed machines, and other enclosed
spaces containing materials extinguishable by
carbon dioxide.

For effective total flooding, the space must be
reasonably well enclosed. Openings must be
arranged to close automatically and ventilation
equipment to shut down automatically, no later
than the start of the discharge. Otherwise,
additional carbon dioxide must be provided to
compensate for the leakage.

Automatic closing devices for openings must
be able to overcome the discharge pressure of the
carbon dioxide. Conveyors, flammable liquid
pumps, and mixers associated with an operation
may be arranged to shut down automatically on
actuation of the protection system. A typical
arrangement of a total flooding carbon dioxide
system is shown i _figure 8-33]
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LOCAL APPLICATION SYSTEMS

Local application systems are used to
protect hazards, such as oil-filled transformers
and paint dip tanks. Ventilating fans,
conveyors, flammable liquid pumps and mixers
associated with the operation may be
interlocked to shut down automatically when
the protection system is activated.

A typical arrangement of a local
application carbon dioxide system is shown in
figure 8-34

HALOGENATED GAS SYSTEMS

Several types of halogenated gas systems
have been developed for fire protection
purposes: Halon 104, Halon 1001, Halon
1011, Halon 1202, Halon 1211, Halon 1301,
and Halon 2402. The numbers relate to the
chemical formulas of the gases. The first digit

identifies the number of carbon atoms in the
chemical molecule; the second digit identifies
the number of fluorine atoms; the third digit
identifies the number of chlorine atoms; the
fourth digit identifies the number of bromine
atoms; and a fifth digit, if any, identifies the
number of iodine atoms present. Primarily,
Halon 1301 and Halon 1211 are in general use
in the United States today. These two types are
recognized by the National Fire Protection
Association (NFPA). Standards for their
installation and use are published in the
National Fire Codes.

Halogenated gas systems are used in the
following situations:

@ A clean extinguishing agent is needed.

® Energized electrical or electronic circuits
are to be protected.
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Figure 8-34.—Local application carbon dioxide system installation.



® Flammable liquids or flammable gases
are present.

® Surface-burning combustible solids are
to be protected.

® For high value objects or processes.

® The area to be protected is occupied by
people.

@ Availability of water or space for other
types of systems is limited.

Generally, Halon 1211 and Halon 1301 are
used in total flooding applications.

For effective fire-fighting purposes, a
minimum concentration of 5 percent is
recommended for total flooding systems for
surface fires of ordinary combustibles.
Deep-seated fires, as in cable insulation,
require much larger concentrations and
extended holding times.

Halon 1211 is toxic to people when
concentrations exceed 4 percent. This prevents
its use as a total flooding agent for areas
occupied by personnel. Halon 1211 is normally
used in portable extinguishers because it is not
in enough concentration to be a hazard for
people. Equipment for halon fire extinguishing
systems is similar to that wused for
high-pressure carbon dioxide systems. Halon
1301 is stored in a cylinder super pressurized
with nitrogen to 600 psi (at 70°F) to provide
an expellant pressure for the agent in excess of
the agent’s normal vapor pressure.

Because of the high ozone depletion factor
of halons, installation of new Halon 1301
systems are prohibited except by special
approval from NAVFACENGCOM.

Halon 1301 is the least toxic of the
halongenated gases and does not harm
personnel when concentrations are below 10
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percent. Systems that remain in use are located
in computer rooms.

PHASE OUT OF HALONS

Because of the high ozone depletion
potential of CFCs, HCFCs, and halon gases, the
EPA enacted the provisions of the Montreal
Protocol into regulations for the United States.
This will eliminate the production of halons by
the year 2000. If you are maintaining a system
that contains halon gas, consult engineering for
information pertaining to system conversion.

GASEOUS EXTINGUISHING SYSTEM
ALARMS

There are special considerations for gaseous
system alarms because of possible toxic effects
on personnel, the need for a reasonably fast
response, and reliable operation. Response
time for gaseous extinguishing agents is not
usually as urgent as foam agents, considering
the types of hazards protected. Personnel
safety precautions also effect the speed
requirement. Heat and /or smoke detectors are
frequently used as initiating devices.

Cross-zoning is also frequently used for
gaseous extinguishing systems. The first
detector (zone) actuation is arranged to cause
a local audible and/or visual signal. The second
detector (zone) actuation causes a distinctive
local signal to warn personnel that the
extinguishing agent is about to be released.

Some gaseous extinguishing systems,
usually those protecting populated spaces, have
an abort feature to avoid unnecessary discharge
of an expensive, possibly toxic gaseous agent.
Extinguishing systems with the abort feature
have a time delay between actuation of the
second (or only) detector and release of the
agent. The delay may be factory-set or
adjustable. It is usually set in the range of 15 to
60 seconds, so personnel can leave the area
before release of the



agent and to allow for manual interruption of the
agent release sequence. If the situation is not
dangerous, the sequence can be interrupted by a
manual abort switch. When the detectors and con-
trol unit have been restored to their normal con-
dition, the abort switch can be restored. The abort
switch is usually designed to be held in (until the
control panel is reset) so that the agent discharge
cannot be accidentally impaired when the switch
is unattended.

Initiating Devices

Frequently used detectors for gaseous agents
are spot-type ionization smoke detectors and rate-
compensated heat detectors. Factors affecting
detector effectiveness, such as electrical power and
air pressure, if pertinent, are supervised.

One or two manual methods for release of the
gaseous agent are usually provided.

® Manual fire alarm devices are frequently
connected to the alarm system control unit to
cause immediate discharge of the gaseous agent,
regardless of cross-zoning and time delays other-
wise provided.

® Manual devices may also be connected
electrically to cause direct release of the agent,
independent of the alarm system.

® Direct mechanical release of agent maybe
by manual actuation of a control valve.

Whether the agent release is caused by an
alarm control unit auxiliary output or by an
independent manual method, there should be an
alarm at the alarm system control unit. Manual
release of the gaseous agent usually causes an
alarm by actuating a pressure switch that senses
the increase in pressure in the gas line or manifold
between the release valve(s) and the nozzles.

Sequence of Alarms

The normal circuit arrangement for a building
alarm system to release a gaseous extinguishing
agent is the same as for a building system with
added features such as cross-zoning, the abort
feature, manual release of agent, and other
specific auxiliary functions of the alarm system.
Alarm systems that release a gaseous extinguishing
agent use auxiliary alarm outputs to segregate the
protected area and reduce dispersion and dilution
of the agent. Typical auxiliary functions are fan
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shutdown, door (and window) closure, and
closure of air-handling system dampers. Gaseous
agent-releasing alarm systems applied to computer
room installations also shut down computer
power at the time the agent is released to eliminate
the heat source for possible electrical fires.

A typical sequence of alarm system-initiated
events in a computer room installation that in-
cludes all the usual features is as follows:

@ Detection of fire by first detector in an area
causes local and remote alarm indication, fan
shutdown, door and damper closure, and other
miscellaneous auxiliary functions through inter-
locks with building systems.

® Detection of fire by second detector in the
area (cross-zoned with first detector) causes a
distinctive local audible signal and initiates a time
delay during which agent release and computer
power shutdown may be aborted.

® At the end of an adjustable delay
(normally 20 seconds), assuming the release is not
aborted, computer power is shut down and the
extinguishing agent is released into the protected
area.

INSPECTION, TESTING, AND
MAINTENANCE OF GASEOUS
SYSTEMS

Inspection, testing, and maintenance of
gaseous fire extinguishing systems are required to
be sure they are in proper operating order. Inspec-
tion and test frequencies for these systems are

summarized in[ table 8-4

Carbon Dioxide High-Pressure Systems

Check hoses and nozzles, cylinders, and
cylinder pressure as follows:

Weekly, check that all nozzles and hand hose
lines are clear and in the proper position and that
all operating controls are properly set.

Semiannually, weigh cylinders and replace any
that show a weight loss of greater than 10 per-
cent. To weigh cylinders, do the following:

® Loosen each cylinder support and dis-
connect each discharge head. Discharge heads are
designed to be removed and replaced without
tools.



Table 8-4—Summary of Inspection and Test Frequencies for Gaseous Systems

Weigh cylinders

leakage

cylinders

Hydrostatic test of cylinders and hoses

Check CO2and Halon nozzles and hand hose lines

Check liquid level in low-pressure COz2 storage tanks

Check devices and connections of low-pressure CO,systems for

Test tank alarm pressure switch and identification device

Conduct actuating and operating tests of CO2and Halon system
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(See text for frequency)

® Weigh cylinders with a beam scale or with
a platform scale. To weigh with a platform scale,
remove the cylinders completely from the rack and
lift them on to the scale.

Test cylinders and hoses hydrostatically as
follows:

Hydrostatically test cylinders to a minimum
pressure of 3,000 psi. The frequency for testing
is as follows:

@ If discharged after 5 years from date of last
test, perform hydrostatic test.

® If not discharged after 12 years from date
of last test, discharge cylinder and perform
hydrostatic test.

Hydrostatically test hoses to a minimum
pressure of 1,250 psi. The frequency of testing is
the same as for cylinders.

Carbon Dioxide Low-Pressure Systems

Check nozzles, pressure and level gauges, and
for leaks in all devices.

Weekly, check to see that all nozzles are clear
and in the proper position and that all operating
controls are properly set. Check and record the
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reading on the liquid level gauge of all storage
tanks. Refill tanks when the quantity is less than
the minimum required to protect the largest single
hazard, including any required reserve supply.

Monthly, check for leaks on all devices and
connections under continuous pressure, including
valve packing glands, screwed connections, and
safety relief valves.

Semiannually, test the tank-alarm pressure
switch and the operation of the alarm bell or light
by reducing and increasing the pressure. Perform
this test as follows:

@ Close valve on the piping from the vapor
space to the alarm pressure switch.

® Remove the test plug to reduce pressure.

@ Increase pressure by connecting a high-
-pressure cylinder to the test opening.

® After testing, disconnect the high-pressure
cylinder, replace the test plug, and reopen the
valve on the alarm pressure switch piping.

@ If the bell or light fails to operate on the
pressure test, repair or replace, and test again.

Check the liquid level and pressure gauges for
accuracy once each year.



Replace frangible disks on the storage tanks once
every 5 years. Maintain refrigeration equipment
according to the manufacturer’s instructions.

Halogenated Systems

Follow these procedures to test halogenated
systems. Weekly: check to see that all nozzles are
clear, positioned properly, and all operating
controls are set properly. Semiannually: check
weight and pressure containers. (See procedures for
verifying COzcylinders.) If the container has a loss
in net weight of more than 5 percent or a loss in
pressure (after adjusting for temperature) of more
than 10 percent, you must either refill or replace the
container. When a factory-charged nonrefillable
container does not have a pressure indicator that
shows a loss in net weight of more than 5 percent,
you must replace the container. Annually: test all
actuating and operating devices. Use a cylinder
containing carbon dioxide in the place of a halon
cylinder or perform a simulated test of
pressure-operated devices.

Alarm Systems

You should perform tests and maintenance of
detectors, circuits, control units, annunciators,
relays, and power supplies, as described in
Maintenance of Fire Protection Systems,
NAVFAC MO-117, [chapter 3]. Some additional
steps are required to test cross-zoned detectors,
electrically operated releases for gaseous agents,
and an abort feature.

Release Devices and Auxiliary Functions

Test electrically operated release devices for
gaseous extinguishing systems annually. Combine
this test with tests of detectors and the total alarm
system. If you cannot perform an actual discharge
test, be sure to prevent gas discharge and
computer power shutdown, if provided, while
observing electrical functions. This may require
valve closure or partial disassembly of diaphragm
piercing, solenoid plunger-type valves, and manual
override of the computer shutdown feature. Refer
to system instructions from the equipment
manufacturer or installing company. The same
method, once determined, is normally used for
testing manual devices connected electrically to
cause direct actuation of gas release devices.
After taking necessary steps to prevent gaseous
discharge, you should cause the necessary alarm
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conditions to activate the extinguishing system by
actuating the detectors or manual initiating
devices. At the end of the time delay intend,
release device actuation should be evident.
Verify that relays for auxiliary functions actuate.
Take notes on which event relays actuate at the
first cross-zoned detector alarm, second
cross-zoned detector alarm, and at the end of the
timer intend. Note the amount of time delay
between the second detector actuation and the
delayed functions.

If release devices or auxiliary functions fail,
you should replace the control unit in the alarm
condition and check appropriate output voltages
at the control unit and at the failed device. If
voltages are improper, troubleshoot the control
unit or circuit as indicated. Cross-zoned systems
require an alarm condition on both initiating
circuits to actuate release devices and some
auxiliary functions. If a timed fiction fails, check
input voltage to the timer and the delayed output
voltage from the timer with a voltmeter. Replace
the timer if input is proper but output is not. If
voltages are proper, check solenoid and relay coil
continuities with one side of their respective
energizing circuits open to the control unit. (See
testing and maintenance for foam systems,
Maintenance of Fire Protection systems,
NAVFAC MO-117, section 7.3.1.) Replace
defective devices and/or wiring.

Abort Feature

In gaseous extinguishing systems with an
abort feature, test the feature annually along with
the other elements of the system. To test the
abort feature, first determine the timer setting
from prior test records or installation data. Then
cause first and second cross-zoned detect or
alarms. The second detector alarm starts the
timed period during which the gaseous agent
release and other abortable functions may be
activated. Operate the abort switch approximately
in the middle of the time interval. Perform this
test with the agent release and computer
shutdown features disabled. At the end of the
time interval, confirm that the aborted functions
do not occur. Possible causes of abort failure are
as follows:

® a defective abort switch,



® a defect in the wiring between the abort
switch and the main control unit, or

® an improper abort feature installation or
an improper timer setting (low).

During troubleshooting, disable the ex-
tinguishing agent release and the computer shut-
down feature, if provided. Check the abort timer
setting according to the manufacturer’s instruc-
tions. If the timer setting is quite low, 15 seconds
or less, increase the setting to 20 seconds or more
(as determined by local authorities to be adequate
to prevent unnecessary discharge of the agent).

If actuating the abort switch has no effect,
check the switch continuity with an ohmmeter
while actuating it disconnected from its wiring.
If the switch continuity shows alternating readings
of zero ohms and infinite resistance, as it should
when being repeatedly actuated, check that the
OFF and ON positions of the switch are not
reversed. (Such reversal may be caused by
connecting the wires to the wrong pair of switch

terminals or inverting the switch when mounting
it.) If the switch has no defect, check its circuit
continuity with an chmmeter at the control unit
and with at least one wire disconnected from the
control unit. Observe switch action at the ohm-
meter by actuating the switch repeatedly. Correct
any circuit defects or wiring errors. Replace the
switch if it is defective.

DRY CHEMICAL EXTINGUISHING
SYSTEMS

Dry chemical extinguishing systems are very
similar in construction and operation to gaseous
extinguishing systems. There are three general
categories of chemical extinguishing systems: total
flooding, local application, and hose line systems.

Total flooding systems are arranged to
discharge the agent into enclosed spaces. Such
systems are used for the protection of flammable
liquid storage rooms and paint drying ovens
[fig._8-36). Ventilating equipment, conveyors,

1. Expellant-gas container 6. Electric-shutdown and alarm cir- 9. Heat-actuated device
2. Dry-chemical container cuit 10. Flooding nozzle )
3. Dry-chemical discharge piping 7. Ventilating fan (shuts down on op- 11. Remote fnanual-a.ctuano.n box
4. Fire door eration of system) 12. Pneumatic-actuation tubing
5. Expellant-gas piping to pressure 8. Pressure trip (closes windows and 13. Alarm bell
trips doors on operation of system)
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Figure 8-36.—Total flooding dry chemical system installation.
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flammable liquid pumps, and mixers may be
interlocked with the dry chemical system and
arranged to shut down automatically upon
discharge of the system.

Local application systems are arranged to
discharge dry chemical directly on the hazard,
without any enclosure [(fig. 8-37). Typical local
application systems are used for the protection of
paint dip tanks and restaurant range hoods.
Ventilating fans, conveyors, flammable liquid
pumps, and mixers may be interlocked to shut
down automatically upon discharge of the system.

Hose line systems discharge dry chemical
through manually operated nozzles connected by
hose or by piping and hose to a fixed supply [fig]
[8-38).

Dry chemical used in approved systems is
mostly sodium bicarbonate, very finely ground,
to which has been added other ingredients to keep
it free flowing and to resist caking. Other agents
used in dry chemical extinguishing systems include
potassium bicarbonate, potassium chloride, and
monoammonium phosphate—multipurpose type.

The dangers dry chemicals used in fire ex-
tinguishing concentrations cause exposed person-
nel are temporary breathing difficulty and reduced
visibility. In areas using total flooding systems,
suitable means should be provided to permit
evacuation of personnel. In areas using local
application systems where the dry chemical is not
confined, there is little hazard to personnel.

Dry chemical systems are used primarily for
extinguishing fires in flammable liquids.
Bicarbonate base dry chemical can be particularly
effective for extinguishing fire in deep fat fryers
caused by overheating. The saponification reac-
tion between the dry chemical and fat or grease

FROM DRY
CHEMICAL UNIT
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Figure 8-37.—Local application dry chemical system
installation.
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prevents re-ignition by turning the fat to soap.
Multipurpose dry chemical will not react with the
fat or grease and can prevent the saponification
reaction between the fat or grease and any
bicarbonate base dry chemical subsequently used.

Dry chemical systems are not suitable for fires
in materials (such as cellulose nitrate) that con-
tain their own oxygen supply. They are not
normally used for fires involving delicate electrical
equipment such as telephone switchboards, com-
puters, and certain other electronic equipment
because the dry chemical will insulate the fine and
delicate contacts. The contacts will then need
complete cleaning.

Monoammonium phosphate and potassium
chloride are slightly acidic, and in the presence
of moisture can corrode metals such as steel, cast
iron, aluminum bronze, and titanium. Corrosion
can be minimized by prompt cleanup. Most dry
chemical agents can be cleaned up by wiping,
vacuuming, or washing the exposed materials or
surfaces. Monoammonium phosphate will require
some scraping and washing if exposed surfaces
were hot when the agent was applied.

TYPES OF SYSTEMS

There are basically two types of dry chemical
systems.

1. Gas cartridge systems that use a container
of expellant gas that, when released by manual

87.386

Figure 8-38.—Stored pressure dry chemical cylinder with
hose line.



or automatic means, pressurizes the container of
dry chemical and forces the agent through the
piping network or hose lines [(fig. 8-39).

2. Stored pressure systems that consist of a
container of dry chemicals that is constantly
pressurized, usually with nitrogen.

SYSTEM COMPONENTS

Operating devices are used to release the
expellant gas from its container for the
pressurization of the dry chemical tank or to
release the dry chemical if it is stored under
pressure.

In fixed systems, expellant gas is released
from its container by electrically, pneumatically,
or mechanically dropping a weight that opens a
cylinder valve or by mechanically releasing a
spring that punctures the sealing disk of a gas
cartridge. The dry chemical when stored under
pressure is released by pneumatically or
mechanically dropping a weight that opens the
discharge valve. Pressure trips may be used to
release the weights of more than one unit for
simultaneous discharge of expellant gas.
Pressure trips are operated by gas pressure taken
from the low-pressure side of the expellant gas
regulator.

Hose line systems are actuated at the cylinder by
turning a handwheel or by moving a lever.
The distribution system (piping) should be
constructed of standard weight (schedule 40)
galvanized steel pipe and standard weight
galvanized steel or malleable iron fittings.

It is important for the piping system to be
balanced, so the pressure drop to any one nozzle
is about the same as to any other nozzle.
Although dry chemical suspended in a gas may be
homogeneous during flow, certain effects, such
as inertia and sudden expansion of the gas, may
cause some separation of the two phases. For
example, if several nozzles are installed
consecutively at right angles to a straight run of
pipe, the inertia of the dry chemical carries most
of it past the first nozzles. Therefore, these
nozzles discharge more gas and less dry chemical
than those farther down the piping system. To
eliminate this, you can balance all branch piping
by the use of tees (the dry chemical enters the
side port and leaves through the two end ports).

Nozzles have various designs and discharge
patterns. Nozzles used for distributing the dry
chemical must be approved for a particular
application.

PRESSURE
REGULATORS
DROP WEIGHT
SLEEVE
DRY [
CHEMICAL .
TANK
BURSING
DISK UNION - NITROGEM
‘r L+ CYLINDER
S N o3avIez)

Figure 8-39.—Dry chemical and expellant gas storage cylinders with piping connection.
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CHAPTER 9

WATER TREATMENT AND PURIFICATION

As a Utilitiesman, you are responsible for
ensuring that an adequate supply of safe
water is available for domestic and fire
protection uses. In meeting this responsibility
you must consider several factors, such as the
selection of a water source, ways to develop
the water source, contaminants you may
encounter, and methods you can use to remove
these contaminants. In this chapter, each of
these considerations is discussed.

WATER SOURCE SELECTION

You must consider three factors for a water
source: quantity, quality, and reliability.

SOURCE QUANTITY

Water sources developed for military use
are referred to as water points. Water points
are classified as follows:

1. Surface water (streams, lakes, and rivers)
2. Groundwater (wells and springs)

3. Seawater

4. Rain, snow, and ice

When selecting a water source, you must
consider the amount of water available and
what the demand is for water.

The amount of water that collects in any
surface source depends on the amount of
precipitation, the size of the drained area,
geology, ground surface, evaporation,
temperature, topography, and artificial controls.

The available water at a source can be
estimated by using some simple calculations.
To calculate the quantity of water (gallons
per minute) flowing in a stream, use the

following formula:
Q= 6.4 x AXV.

Q = Quantity of water in gallons per
minute (gpm).

6.4 = A constant-There are 7.5
gallons of water per cubic foot.
However, because of error in
stream measurement, 7.5 has
been reduced to 6.4.

A = The area of the stream in square
feet obtained by multiplying the
width times the average depth of
the stream.

V = The velocity of the stream in feet
per minute obtained by measuring
the time it takes a floating object
to travel a known distance.

An example of this calculation would be a
stream having an average depth of 2 feet and a
width of 16 feet, and a twig is noted to flow at
13.3 feet per minute. To find the amount of
water flowing in the stream, you should work the
equation as follows:

Q=64 x AxV

Q=64 x (2 x 16) x 13.3
Q= 6.4 x 32 x 13.3

Q = 2,723.84 gpm

To calculate the quantity of water in a lake
or pond having little or no runoff, multiply the
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surface area by the average depth. The answer is
cubic feet. Multiply by 7.5 to obtain gallons at the
water source. An example of this is a pond with
an average depth of 7 feet and a surface area of
2,864 square feet. It is calculated as shown
below:

Q= Ax D x 7.5
Q=2864x7x75
Q = 150,360 gallons

Lakes and ponds are usually located within
the water table, and the hydraulics of the water
feeding the lake or ponds are similar to that of
wells. Therefore, a drawdown test, using a
method similar to the one described below for
wells, may be used to calculate the quantity of
water. To perform the test, you should draw
down the static water level to 1 or 2 feet and then
record the recovery time. Also, devise a method
to discharge the water being pumped so it does
not return to the source during the test.

To calculate the quantity of water that can be
supplied from newly constructed or existing
wells, you must make a drawdown test. To
perform this test properly, you must understand
the hydraulics of a well.

Before being pumped, the level of water in a
well is the same as the level of the water table in
the water-bearing formation in which the well is
completed. This is called the static level in the
well and in the foundation. [fig. 9-1). The depth
from the ground surface to the static water level
should be measured and this distance used to
describe its position. Thus if the water in the well

Ml »‘ﬂ/)/: ol ‘l)

STATIC WATER LEVEL

A A A A

Figure 9-1.—Static water level before pumping.

is 25 feet below ground, the static water level is
said to be 25 feet for this well. Elevation of the
static water level above mean sea level can also be
used to describe its position.

When a well is pumped, the water level drops.
After several hours of pumping at a constant rate,
it stabilizes itself in a lower position. This is called
the pumping level or dynamic water level for this
rate of pumping [(fig. 9-2).

The distance the water is lowered by pumping
is called the drawdown. It is the difference between
the static level and the pumping level. The
drawdown in the well, resulting from pumping,
lowers the water pressure in the well, but the
surrounding water-bearing formation retains its
original pressure. In response to this difference in
pressure, water flows out of the pores of the
formation into the well.

The water-bearing formation does not furnish
its water all at once to the well being pumped. The
flow of water into the well is held back by the
frictional resistance offered by the formation to the
flow of water through its pores. The resistance
varies in each formation and is developed in direct
proportion to the rate of movement or velocity of
the water in the formation. The rate of flow,
resulting from a given pressure difference, depends
on the fictional resistance to flow developed in the
formation. The term used to describe this
characteristic of a porous material is permeability.

For a particular type of well, the yield of the
well for any given drawdown is

05NVS053
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Figure 9-2—Pumping level.



directly proportional to the permeability of the
formation. This property of the formation varies
through wide ranges, the value for a coarse sand
stratum being several hundred times that of a fine
sand stratum of the same thickness. It increases
with the coarseness of the sand and decreases with
the compactness of the material. It increases where
the sand grains are more nearly uniform in size.
It decreases when fine sand and silt fill the voids
between larger particles. The permeability of a
rock formation, like limestone, varies with the
number and sizes of the fractures, crevices, and
solution channels.

The measurements that should be made in
testing wells include the volume of water pumped
per minute or per hour, the depth to the static
water level before pumping is started, the depth
to the pumping level at one or more constant rates
of pumpage, the recovery of the water level after
pumping is stopped, and the length of time the
well is pumped at each rate during the testing pro-
cedure. The testing described in this chapter is
essentially the measurement of the hydraulic
characteristics of a particular well.

The pump and power unit used for testing a
well should be capable of continuous operation
at a constant and variable rate of pumpage for
a period of over 24 hours. It is important that the

equipment be in good condition for an accurate
test, since it is undesirable to have a forced shut-
down during the test. The test pump should be
large enough to test to the expected capacity of
the well, even though this may be far beyond the
amount of water required and may exceed the
capacity of the permanent well pump. Pumping
by airlift maybe a practical method, provided that
meters are not used for measuring the flow. The
test should run at least 24 hours. Longer tests,
up to several weeks’ duration, may be desirable
to verify adequacy of the formation.

To determine the safe yield of the well, the
pump should be operated at a rate that will cause
only about 50 percent of the maximum possible
drawdown. The drawdown should not exceed a
point 5 feet above the topmost screen slot. For
example, a 125-foot well has a static water level
of 25 feet and a pumping level of 75 feet or a
50-foot drawdown. The satisfactory pumping
level is 50 feet or 50 percent of the maximum
drawdown. Therefore, a safe well capacity is
established and maintained for that condition
regardless of the yield. The safe pumping yield
is the withdrawal rate that will not cause a lower-
ing of the water table, and should cause no more
than 50 percent of maximum drawdown. A chart,

similar to the one shown in[figure 9-3] should be
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Figure 9-3.—Well chart.
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included in the test report. The complete test
report will include the following:

1. Initial static water level

2. Pumping rates, at least every hour
3. Drawdown data, at least every hour
4. Rate of recovery

The simplest way to measure the water
pumped is to catch it in a steel drum or other tank
of known volume. The time required to fill the
tank is determined as accurately as possible. The
rate of pumpage in gallons per minute is then
calculated. For reasonable accuracy, the tank
should be large enough to hold the water pumped
during a period of at least 2 minutes. This limita-
tion makes the method practical only for relatively
small wells, since large tanks will not usually be
available.

Water meters offer a definite advantage in
measuring the water being pumped. The amount
of water pumped may be recorded from the meter
at desired intervals. The total discharge may be
recorded for any individual phase of the draw-
down test.

The most accurate way to measure depth to
the static level and to the pumping level in a well
is with a chalked tape. A steel tape with a weight
to make it hang straight is chalked at the lower
end with blue carpenter’s chalk and lowered into
the well until 1 or 2 feet of the tape is submerged.
The proper length to lower the tape may have to
be determined by experiment. The wetted length
of the tape shows up very clearly on the chalked
portion of the tape. This length is subtracted from
the total length lowered below the reference point;
this gives the depth to water.

The drawdown observed during a well
test is the difference in feet between the

Table 9-1.—Daily Water Requirements in Temperate Zone

Gallons per
Unit consumer Conditions of use unit consumer Remarks
per day
Man.............. In combat:
Minimum -----.. e L0 For periods, not exceeding 3 days,
when operational rations are used.
2 When field rations are used.
Normal ...............
3 Drinking plus small amount for
cooking or personal hygiene.
March or bivouac.......... 2 Minimum for all purposes.
Temporarycamp .......... S . Desirable for all purposes
{does not inciude bathing).
Temporary camp 15.
with bathing facilities
Semipermanent camp. 30-060 ........ Includes allowance for waterborne
sewage system.
Permanent camp .......... 60 - 100.
Vehicle ........... Level and rolling 1/8to1/2 .. ... Depending on size of vehicle.
country.
Mountainous country 1/4tol .. ..... Depending on size of vehicle.
Hospital . . ......... Drinking and cooking. 10 per bed . Minimum, does not include bathing
or water for flushing.
With waterborne sewage. S50 perbed .. ...
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pumping level and the static water level
before pumping was started. The specific
capacity of the well is the yield or discharge
in gallons per minute divided by the drawdown
in feet.

Water needs should be estimated, using per
capita requirements and other controlling
demands as factors in arriving at the estimate.
Other controlling demands may be the water
requirements for such items as fire protection,
industrial uses, lawn sprinkling, construction,
leakage, and water delivered to other activities,
and vehicles. shows the per capita
daily water requirements for different situations,
and the daily average requirements for vehicles.
indicates the requirements that may
be needed for construction equipment. Com-
pare the yield of the source with the needs of the
activity.

SOURCE QUALITY

The quality of water is the ability of water to
be potable and palatable (water that is safe to
drink, being free of harmful characteristics that
could cause odor, foul taste, bad color and/or
disease).

Practically all water supplies have been
exposed to pollution of some kind. The general
growth of population and the increasing use of
streams and other bodies of surface water for the
disposal of wastes have been detrimental to water
sources.

Impurities in water are either suspended or
dissolved. The suspended impurities are usually
more dangerous to health. They include mineral
matter, disease organisms, silt, bacteria, and
algae. These must be destroyed or removed from
water that is to be consumed. While some of these
impurities can be seen by the naked eye, others

Table 9-2—Quantity and Quality of Water Needed by Construction Equipment

Equipment Size Quantity Purity of water

Rock crusher .. ....|..... 225-T. . ... ...t 60,000 gpd No special purification. Seawater
usable.

Concrete MIXers. . . .j- ..o v v v i, 8,000 gpd Potable; minimum of organic matter.
Acid alkali free. Seawater may be

Concretepaver.....|...... ... .. . ... 60,000 gpd used but decreases concrete
strength by 20%. Extra cement
may be used to offset this effect.

Asphalt plant . .. .. .}..... 1,000 gph Alkali free. Low sulfates.

Steam jenny.......|....... O Potable; low calcium and magnesium.

Steam boiler. ......J..... 200-hp. ... ... 2,000 gpd " " " "

w/receiver . ........... 1,000 gpd " " " '
Three car heater (for|. .......................... 50 gph " " " "
asphalt plants).
Water distributor .. .{. . ... 1,000¢gal ............. 1,000 gal per No special purification. Salt water

Compaction . . .....

Vehicle radiators . . .

Asphalt rollers . . . ..

100 yd of 8ft

vrnd

1vau,

acceptable,

Variable Any available water accepted.
Seawater actually preferable for
certain jobs.
Variable Potable; calcium and magnesium
lower than 400 ppm.
Variabie Potabie; free of organic matter.
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can be detected by laboratory tests only.[Tablel a water source. The information gathered during

[9-3 Jdentifies some of the common impurities in the water reconnaissance may indicate a source of
water and summarizes their effect on water sufficient supply only to have the source dry up
quality. during periods of no rainfall. Study the
Water samples must be forwarded to a hydrological data to determine the variations that
laboratory for complete mineral or bacteriological may be expected at the water source.
analysis.
The factors that affect and determine the Geological formations influence the reliability of
quality of water, such as physical, chemical, a groundwater source. The amount of water
biological, and radiological contamination, are flowing and the rate of flow maybe controlled by

discussed later in this chapter.

SOURCE RELIABILITY

geological layers. The amount of water within a
water table may be limited by impervious
formations, as shown in[figure 9-4. Therefore,

it is important that information on the

The reliability of a water supply is one of characteristics and properties of the geological
the most important factors in the selection of

Table 9-3.—Common Impurities in Water

Organisms Some cause disease
Suspended
Impurities Algae Cause taste, odor, color, turbidity
Suspended solids. Cause murkiness or turbidity
Caicium and Bicarbonate..... | Causes aikalinity, hardness
magnesium
Salts Carbonate........ Causes alkalinity, hardness
Sulfate.............. | Causes hardness
Chioride........... | Causes hardness, corrosive io
boilers
Dissoived impurities Bicarbonate..... | Causes aikaiinity
Sodium
Carbonate........ Causes alkalinity
Sulfate............. | Causes foaming in steam boilers
Fluoride........... | Causes moitied enamei of ieeth
Chloride........... | Causes salty taste
Iron Causes taste, red water,
incrustation on metals
Manganese Causes black or brown water
Vegetabie dye Causes color, acidity
Gases Oxygen Causes corrosion of metals
Carbon Dioxide. Causes acidity, corrosion of
metals
Hydrogen sulfide Causes odor, acidity, corrosion
of metals
Nitrogen No effect
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formations be studied when a ground source is
being considered.

It may be necessary to consider numerous
other factors that may affect the reliability of the
source. For one example; Lake Bonnie Rose, U.S.
Naval Station, Adak, Alaska, is an ample source
of cool, clear water, being distributed by gravity.
However, the relatively high elevation of the
lake results in excessive pressure at the station.
Pressures are controlled by pressure-reducing
valves. The valves sometimes fail in service,
resulting in damage to the water system.

Reliability of the source is further increased
as the requirements for items that are subject to
breakdown decrease (pumps, treatment plants,
and so on).

Legal advice may be necessary when selecting
a water source as the laws regulating and con-
trolling water rights may vary considerably. The
title to ground and surface water in the United
States is usually regulated at the state level.
Navigable waters having interstate traffic are
under federal control. Some difficulty was
experienced in Vietnam by SEABEES in securing
water rights to surface streams. These waters were
used for flooding of rice fields, and local control
denied the use of these sources as water supplies.

Legal advice may also be required in securing
the right for waterlines or powerlines to cross
property. To cite one example, a waterline serving
a naval air facility in Sicily was completed,
except for a section crossing an irrigation ditch.
Final completion of the waterline was delayed for
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Figure 9-4—Limitation of water by rock formation.

9-7

2 months, waiting to obtain the right for the
waterline to cross the ditch.

DEVELOPMENT OF WATER
SOURCES

Development of a water source includes all
work that increases the quantity and improves the
quality of the water, or makes it more readily
available for treatment and distribution. The
development of surface water sources, springs,
and seawater sources is considered in this section.

In developing a source, dams, floats, galleries,
and similar improvements may be used to increase
the quantity and quality of the water. Elaborate
developments should be avoided; simplicity brings
more rapid results. A temporary water source
should not be converted into a permanent one
until the area has been reconnoitered for a source
requiring less development. All intake hoses or
pipes should be equipped with an intake strainer
regardless of the clearness of the water source.
Suction strainers should be protected from
floating debris that may damage, clog, or un-
necessarily pollute them. Proper anchorage of
suction lines and strainers prevents (1) loss of
prime, (2) punctured or kinked lines, and (3)
damage to strainers. Water at the intake point
should be as clear and deep as possible. The
strainer on the suction hose is placed at least 4
inches below the water level. This precaution
reduces the possibility of the strainer becoming
clogged with floating debris, or the prime being
lost because of air getting into the suction line.

SURFACE WATER DEVELOPMENT

Of the total amount of rainwater that falls
upon the land surface of the earth, only a com-
paratively small part is absorbed by the soil. By
far the greater part of it runs off the surface of
the ground and is carried out to the sea by way
of streams and rivers or remains stored in natural
lakes and ponds and in artificial lakes and
impounded reservoirs. The methods by which
water supply is derived from the surface are (1)
by damming of streams or rivers, (2) by using the
flow from streams, (3) by pumping directly from
surface streams, (4) by collecting water from the
roofs of buildings, (5) by providing catchment
areas for the collection of rainwater into specially
constructed cisterns, (6) by solar distillation,
(7) by power distillations, (8) by freezing, and
(9) by electrodialysis.

For normal field water supply, surface water
is the most accessible type of water source. This



source also lends itself readily to the purification
equipment common to most engineer units. Sur-
face water is the most easily developed source of
water. Methods of constructing intake points for
land surface water sources are discussed below.

If the stream is not too swift and the water
is sufficiently deep, an intake may be prepared
quickly by placing the intake strainer on a rock.
This will prevent clogging of the strainer by the
streambed and provide enough water overhead to
prevent the suction of air into the intake pipe. If
the water source is a small stream or shallow lake,
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Figure 9-5—Direct intake with hose on bottom of water
source.
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the intake pipe can be secured to a post or pile
as shown in[figure 9-5|

When a stream is so shallow that the intake
screen is not covered by at least 4 inches of water,
a pit should be dug and the screen laid on a rock
or board placed at the bottom of the pit. Pits dug
in streams with clay or silt bottoms should be lined
with gravel to prevent dirt from entering the
purification equipment [fig. 9-6). The screen is
surrounded by gravel to prevent collapse of the
sides of the pit and also shield the screen from
damage by large floating objects. The gravel also
acts as a coarse strainer for the water. A similar
method may be provided by enclosing the intake
screen in a bucket as shown in[figure 9-7]

The level of the water in small streams can be
raised to cover the intake strainer by building a
dam.

In swiftly flowing streams, a wing or baffle
dam can be built to protect the intake screen
without impounding the water.

Floats made of logs, lumber, sealed cans, or
empty fuel drums can be used to support the in-
take strainer in deep water. Floats are especially
useful in large streams where the quality of the
water varies across its width or where the water
is not deep enough near the banks to cover the
intake strainer. The intake point can be covered
by an adequate depth of water by anchoring or
stationing the float at the deep part of the stream.
The intake hose should be secured to the top of
the float, allowing enough slack for movement
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Figure 9-6.—Surface intake with hose buried in gravel-filled pit.
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of the float. If support lines are used to secure
the float to the banks, the position of the float
can be altered to correspond to changes in depth
by manipulation of the lines. The chief advantage
of a float intake is the ease with which the screen
can be adjusted vertically [(fig. 9-8).

Water from muddy streams can be improved
in quality by digging intake galleries along the
bank. A trench is dug along the bank deep enough
so that water from the stream percolates into it so
it intercepts ground water flowing toward the
stream. The trench is filled with gravel to prevent
the sides from collapsing. The intake strainer is
87.137 placed in the gravel below the water table
[9-9). The amount of work required to produce
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9-9.—Gravel-filled gallery intake.
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the gallery is justified by a reduction in the amount
of chemicals needed to coagulate the water, the
elimination of the necessity of frequently
backwashing the filter, and the higher quality of
water obtained.

GROUND WATER DEVELOPMENT

Moisture is held beneath the surface of the
earth in three zones: (1) the zone of soil moisture,
where water is temporarily held in pore spaces by
capillary action or other soil conditions; (2) the
zone of aeration or zone of percolation beneath
the soil layer, where both water and air are pre-
sent in the pore spaces; and (3) the zone of satura-
tion, where all spaces are filled with water.
Ground water is the term customarily used for the
underground water in the saturated zone.

One possible objection to an underground
water supply is that the water may be excessively
hard. This condition may occur because of the
percolation of the water through mineral deposits
from which water-hardening constituents are
leached or extracted. On the other hand, an
underground supply generally has the advantage
of requiring less treatment because of the natural
removal of impurities as the water passes through
various underground soil formations. However,
these conditions are general; some mineral
deposits do not contribute to hardness, and some
underground formations may not be of the type
that effectively removes objectionable material.

Many times it is advantageous to use shallow
ground water sources or percolated waters adja-
cent to a turbid surface water. Well points are
issued in 2-inch diameters and 54-inch lengths. A
drive cap is placed over the thread and the well
point is driven into the ground with a sledge. Suc-
cessive sections of pipe, each 5 feet long, are added
and driven until the screen is well within the water-
bearing media. Several well points may be con-
nected in parallel to supply sufficient water to the
raw water pump. In developing drive point
sources, it must be remembered that the practical
limit of suction lift of the pumps issued with field
equipment is 22 to 25 feet at sea level. Suction-
lift pumps can be used, therefore, only where the
pumping level in the well will be within the limit
of suction Ilift, or 22 to 25 feet below the position
of the pump. At 5,000 feet above sea level, the
practical limit of suction lift is only 20 feet. It
should be noted that since a suction-lift pump
must create a partial vacuum in the suction line,
it is necessary that the line be absolutely airtight
if the pump is to function properly.
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Springs yielding 20 gallons per minute or more
of water can be used as a source of field water
supply if properly developed. Springs may be
developed by enlarging the outlet of the spring
and by damming and conducting water to storage.
To reduce possible pollution, springs should be
cleared of all debris, undergrowth, top soil, loose
rocks, and sand.

Water that flows from rocks under the force
of gravity and collects in depressions can be col-
lected in boxes or basins of wood, tile, or con-
crete. The collecting box should be large enough
to impound most of the flow. It should be placed
below the ground level so only the top is slightly
above the surface. The box should be covered
tightly to prevent contamination and lessen
evaporation. The inlet should be designed to
exclude surface drainage and prevent pollution.
This requires fencing off the area and providing
proper drainage. [Figure 9-10] shows a spring
inlet protected in this manner. The screen on the
overflow pipe prevents the entrance of insects and
small animals. Another screen on the intake pipe
prevents large suspended particles being ingested
by the pump used to distribute the springwater.
This prevents mechanical failure or reduces it to
a minimum.

The flow of water from a spring located on
a steep slope of loose earth can be obtained by
the following two methods.

@ Constructing deep, narrow ditches leading
from the spring to the point of collection.

® Constructing pipeline tunnels from the
spring to the collecting points. Pipe of large
diameter is more suitable for this purpose. The
water from the tunnels can be trapped by con-
structing a dam at the point of collection.

Digging is a more positive and more economi-
cal method of developing a spring than blasting.
You must proceed with great caution if you use
exposives to develop the yield from springs.
Blasting in unconsolidated rocks may shift the
sand or gravel in such a way as to divert the spring
to a different point.

The method used for the development of
springs as a water source will depend upon the
extent and characteristics of the flow. Thermal
(hot) springs should not be developed since their
waters are likely to be highly mineralized.

Regardless of the type of construction, all
springs must be covered. Surplus water should be
piped from the structure so surface water cannot
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Figure 9-10.—Protection of spring from surface contamination.

enter the spring during periods of flood. It is not
necessary to ventilate spring structures; therefore,
all openings should be avoided, except for an
inspection manhole fitted with a tight, locked
cover.

When ground and surface water supplies are
inadequate or cannot be used, ground water sup-
plies are developed by constructing wells. Wells
are classified into five types, according to their
method of construction. These are dug, bored,
driven, jetted, and drilled wells. Each type of well
has its particular advantages, which may be ease
of construction, type of equipment required,
storage capacity, ease of penetration into certain
types of formations, or ease of safeguarding
against pollution.

In the event of chemical, biological, and
radiological operations, it is important to note
that ground water would probably remain essen-
tially uncontaminated by airborne or surface
dissemination, in contrast to surface water, which
could become severely contaminated. This does
not mean that ground water is always pure and
safe to drink. It can be naturally contaminated
or could, in some cases, become contaminated
with CBR agents. Well water should be
thoroughly tested before use.
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The production of ground water involves the
method of recovery of water stored in the zone
of saturation below the waterline or water table.
The ground water table does not always remain
at the same elevation, as it is controlled by rain-
fall, tides, the pumping rate from wells, and so
forth.

A dug well is a large diameter well, seldom
less than 3 feet in diameter, excavated with hand
tools, and lined with brick, stone, steel, wood
cribbing, or tile. That portion of the lining
through the water-bearing formation is porous.
This shallow type of well is usually dug from 20
to 40 feet deep, depending upon favorable loca-
tion for water. Because of the large opening and
perimeter to be protected against the incursion of
surface drainage, dug wells are easily polluted by
surface wash.

Bored wells are constructed in soft water-
bearing formations that will not cave in while the
hole is being bored. They are usually bored with
hand or powered earth augers to a depth ranging
from 25 to 60 feet without caving in.

Jetted wells are suitable in soft, uncon-
solidated, alluvial deposits. The well consists of
an inner tube which is a drilling or jetting tube
and an outer tube which is the well-casing. A



power-driven pump with suitable hose attach-
ments supplies continuous water pressure during
drilling. One type of rig uses a block and tackle
or a tripod for controlling the tools and casing.
Larger rigs have a mast and hoisting block and
use engine power for handling casing, drive
weight, and pump. Water is led into the well
through a small diameter pipe and forced
downward through the drill bit against the
bottom of the hole. The stream loosens the
material, the finer portion of which is carried
upward and out of the hole by the ascending
water. During the drilling, the jet or drill is turned
slowly to ensure a straight hole. Casing is sunk
as fast as drilling proceeds. In softer materials,
by using a paddy or expansion drill, a hole may
be made somewhat larger than the casing. The
casing then may be lowered a considerable
distance by its own weight. Ordinarily a drive
weight is needed to force it down. As a rule, one
size of casing is used for the entire depth of the
well. It is difficult to drive a single string of
casing beyond 500 to 600 feet by this method. If
a well is sunk much deeper, an additional string
of smaller size must be used. In fine-textured
material the hole often may be jetted to the full
depth and the casing inserted afterward. The wall
of the hole becomes puddled by the muddy water
so it will stand alone.

A driven well is constructed by driving a
pointed screen, or drive point, and attached pipe
directly into a water-bearing formation. The
finished well consists of a series of lengths of pipe
fitted at the upper end with a pump and the lower
end with a sand screen through which the water
is admitted. The drive point consists of a per-
forated pipe with a mild steel point at its lower
end to break through pebbles or thin layers of
hard material. As the drive point is driven down,
succeeding sections are screwed into place. These
sections continue until the water-bearing forma-
tion is reached. The pump then is attached, and
after the well has been developed, it is ready for
use. Drive point wells usually range in diameter
from 1 1/4 to 2 inches, but larger sizes up to 4
inches also are made. The larger sizes, although
of greater weight and more difficult to drive, have
the advantage that deep-well pumps can be used
when necessary. The smaller sizes, because of their
lesser weight and greater portability, are valuable
for determining the depth of water-bearing for-
mations and for test yields at shallow depths. The
depth of the well is limited by the formations
encountered and by the type of pump available.
For small wells, the ground water level must be
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within 25 feet of the surface because suction
pumps generally are used. If small self-priming
centrifugal pumps are used, the lift must be less
than 25 feet. If 2-inch or larger pipes are used,
it is possible to lift water from a greater depth by
installing a cylinder-type pump near the water
level.

The following conditions are necessary for
successful driven wells. The formation into which
the point is being driven must not be too hard and
compact. The distance to ground water must not
exceed the lift of the pumps available. The water-
bearing formations must have moderately high
permeability to provide adequate yields in small-
diameter wells. The wells must be developed
properly to obtain sufficient water.

Chief disadvantages against general use of
driven wells are as follows. Construction is
laborious and slow when tightly compacted soils
are encountered. Driving is destructive to well
equipment; points frequently are stripped of
mesh; pipe is bent and broken. Couplings fre-
guently are belled by the force of the hammer
blows. Belled joints always leak air and either
render the well useless or seriously impair the yield
of water. Yields are small from any one well point.
As many as five points connected in series may
be required to operate a power pump to capacity.

Successful construction of driven wells
depends upon close observation and correct
interpretation of events (occurring while driving)
by the well driver. Accurate interpretation of such
details as the penetration made with each blow,
the drop and rebound of the monkey, the sound
of the blow, and the resistance of the pipe to rota-
tion enables the experienced well driver to deter-
mine the character of the materials being
penetrated. An approximation of the geological
section of the well can be obtained by recording
these observations. Study of the logs for successive
wells, coupled with a study of the results obtained
from each well, assists in developing trained
well drivers with each successive well.

Although a well site may have been properly
selected, the strata correctly interpreted, and the
presence of water accurately judged, wells may
fail to yield water merely because they have not
been pumped to clear the fine sediment from
around the screen. When the presence of water
is suspected, a simple test is to pour water into
the well. If the screen is in dry sand, the water
sinks downward and seeps into the formation, but
if the screen is in saturated sand, the level
of the added water remains nearly stationary or
quickly sinks to a static level. Also the quantity



of water that can be poured into the well is an
index of the well capacity when pumping; when
saturated, the sand yields its contents as freely as
it absorbs water. Often the raising or lowering of
the pipe a foot or more brings a greater length
of the screen into contact with the water-bearing
stratum and results in a great increase in yield.

There are two methods of drilling wells, one
is the hydraulic rotary and the other is the cable-
tool percussion. Drilled wells tend to be the most
complicated and require a lot of equipment. In
most cases Equipment Operators will be called
upon to place drilled wells. The Utilitiesman may
be called upon to install pumps and plumbing
when the drilling is complete. Development of this
type of well will then proceed in a similar
manner as any other type of well.

ALTERNATIVE WATER SOURCES

In some regions of the world there is not
enough surface or ground water available to sup-
port the demands for domestic and fire protec-
tion water needs. In these areas it may be
necessary to develop alternate sources of water.
Rainwater, snow, seawater, water barges, and
mobile tanks are a few of the alternate water
sources that may be considered.

In tropical regions there is an abundance of
rainwater with a rapid rate of surface runoff. The
construction of collection surfaces can be a solu-
tion to water needs.

For temporary or emergency water supplies,
collecting surfaces may be constructed by the use
of tarps, wooden platforms, metal surfaces, and
so on. Usually, however, surfaces constructed for
other purposes, such as building roofs, may be
used.

More permanent rainwater catchment areas
will be cleared, graded, and given an application
of cement or other impervious mixture. The
catchment area should be located at least 100 feet
from any source of subsurface contamination
(septic tanks, cesspools, and so on), and as far
from other sources of pollution (dust, soot, and
so on) as possible. The catchment area and
impounding basin should be enclosed by a fence.

Collected waters should be carried by gravity
or pumping to closed stowage reservoirs. As rain
falls toward the earth, it absorbs dust and such
gases as carbon dioxide and oxygen, and,
therefore, must be considered unsafe for con-
sumption until treated. Filtration and disinfection
are the minimum required treatment.
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In some locations water may be so hard to
obtain or polluted that it would not be economical
to develop any source. In this case, water barges
or mobile tanks may be used. Barges or mobile
tanks can be filled from ships, tank trucks, or
other well points located some distance away. It
is important to note that all mobile containers are
a temporary water source. Disinfection of their
surfaces that will come in contact with potable
water is required.

In northern arctic areas where deep wells
cannot be sunk through the thick layers of
permafrost, and the surface sources are frozen
solid, water must be obtained by melting snow
or ice. Ice is preferred to snow because it will yield
more water for a given volume. Snow or ice may
be contaminated. Therefore, all melt produced
should be treated before drinking. Approximately
5 cubic feet of snow is required to yield 1 cubic
foot of water. In emergencies, personnel can eat
small quantities of snow. This snow should be
placed in the mouth, rather than being sucked,
to prevent chapped or cut lips. Only small
guantities of snow should be consumed in this
manner because consumption of large quantities
will reduce the body temperature.

Seawater is vastly different in its characteristics
(as well as in the methods of purification used)
from other surface sources. The chemical
characteristics of seawater are such that normal
coagulation and filtration are ineffective as treat-
ment processes.

In developing seawater sources, consideration
must be given to such factors as surf action,
saltwater corrosion, suspended sand and silt in the
water, living organisms, surface oil along beaches,
and the rise and fall of the water level with the
tides. If the equipment is located on sheltered
bays, harbors, lagoons, or estuaries, it can be
supplied by intakes built in the same way as
freshwater surface intakes. On small islands where
there is insufficient surface and ground water, and
on or near open beaches, intakes for equipment
can be built as follows:

1. Saltwater wells. Beach wells should, if
possible, be used in preference to offshore intakes.
Wells can be dug to tap fresh or salty ground
water. This eliminates the problems caused by
tides, surf, and shallow water close to shore. Such
wells have an added advantage in that they can
be built back of the shoreline under natural
overhead concealment. Driven and jetted wells
may also be used effectively at beach locations.



2. Offshore intakes. Offshore intakes are
sometimes required because of lack of time,
personnel, or equipment or because of coral con-
ditions that prohibit well construction. Intakes of
either the rigid pipe or float type may be used but
they should be located in deep water beyond the
surf. They must be positioned vertically and be
off the bottom but still beneath the water surface
at low tide. In this way foreign materials in the
water which might cause excessive wear on equip-
ment will be largely excluded. The rigid pipe
intake can be placed on timber supports and
anchored securely in position by piling or riprap.
Floats securely anchored can support the intake
screen in much the same manner as in surface
waters. A rubber suction hose can be used to con-
nect the rigid pipe on the sea bottom to the pipe
supported beneath the float.

WATER CONTAMINATION

Water takes on various characteristics and
properties as it passes over and through the earth.
These characteristics and properties vary and are
dependent on the materials encountered. These
materials may be natural or man-made and are
classified according to their means of detection.

® Physical—detected by one or more of the
human senses

® Chemical—detected by chemical analysis

@® Biological—detected by testing for
chloroform organisms

® Radiological—detected by radiac equip-
ment and special laboratory field tests

PHYSICAL IMPURITIES

Physical impurities in water are either
suspended or dissolved. The suspended impurities
are usually more dangerous to health. They
include mineral matter, disease organisms, silt,
bacteria, and algae. They must be destroyed or
removed from water that is to be consumed by
humans.

The most important physical characteristics
are turbidity, color, odor, taste, and temperature.
Valuable information can be obtained by
observing the water with any of the five human
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senses and using commonsense judgment on the
following characteristics:

® Color

® Turbidity

® Odor

® Taste (use with caution)
® Temperature

® Condition of vegetation around source
(dead or mottled vegetation can indicate
the presence of chemical agents)

@ Presence of dead fish, frogs, and so forth

Before starting any treatment to remove
color, turbidity, taste, or odor, you should take
several preventive measures.

You must prevent the formation of algae in
raw water supply points. Algae can be controlled
with copper sulfate, chlorine, or activated
carbon. Before deciding which method or com-
bination of methods maybe most effective, con-
sider the following factors:

® Volume of water to be treated

® Time of year

® The effects of treatment on fish life

® Type of secondary water treatment in use
® Equipment available

® Cost of treatment

You must also prevent the raw water source
from becoming polluted by drainage from in-
dustrial waste and surface drainage from farms,
mines, and watersheds.

The above conditions usually cause water to
take on color due to the presence of colored
substances in solution, such as vegetable matter
dissolved from roots and leaves. Dissolved
humus, iron, and salts could also be included.
True color is due to substances in true solution,
apparent color includes true color and substances
suspension rather than dissolved. Color may
also be caused by industrial wastes and turbidity.
Color as such is harmless, but objectionable



because of its appearance and the taste and
odors sometimes associated with it.

Turbidity is a muddy or unclear condition
of water caused by particles of sand, clay, or
organic matter being held in suspension. Clay
and silt remain suspended in water for the
longest period of time because of their particle
size and specific gravities. The removal of
turbidity is essential to the production of
potable water. Removal reduces water
contamination, extends the time between
backwashing of filters, decreases chlorine
demand, improves disinfection, and enhances
user acceptability of the finished water. Proper
water treatment requires turbidity removal
because suspended particles often contain
organisms that may cause diseases.

Turbidity is removed by coagulation and
sedimentation. Since the physical characteristics
of raw water vary widely in different
locations, dosages of coagulant chemicals must
be determined at each water point to ensure
maximum efficiency with minimal waste of
chemicals. After coagulation and settling, the
water should not have more than 20 percent of
the original turbidity. Daily jar tests will help
check the optimum chemical dosage required to
meet this standard.

COAGULATING CHEMICALS

The type of chemicals that should be used
for coagulating raw water can be determined by
using the results from jar tests, plant tests, or
by using the data shown in_table 9-3(A).
Theoretically[table 9-3(A) is correct; however,
these values can be misleading when applied to
some types of raw water. The chemical content
of water may have a considerable influence on
the optimum pH range for the various
coagulants. For example, coagulation with
ferrous sulfate is usually best accomplished at
relatively high pH values in the alkaline zone.
With soil, colored waters, ferric coagulant
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may sometimes be used with considerable
success at pH values of 4.0 or less.
Because of this wide variation in the
optimum pH range of coagulant (caused
by individual characteristics of the raw
water), the coagulant dosage and the
optimum zone for floc formation should be
determined by jar tests, rather than just
relying on[table 9-3(A).

Table 9-3(A).—Optimum pH Ranges
for Common Coagulant

COAGULANT pH
Aluminum 50to 7.0
sulfate

Ferrous 9.5 and above
sulfate

Chlorinated 4.0 to 6.5 and
copperas above 9.5
Ferric 4.0 to 6.5 and
chloride above 9.5
Ferric sulfate 4.0 to 10.0

JAR TEST

The jar test is the most common
method of determining proper coagulant
dosages. When there is a question as to
which chemical should be used as a
coagulant, it is often necessary to run
more than one series of jar tests.
Different coagulant chemicals and pH
ranges should be used to determine which
one produces the most satisfactory results
at the lowest cost. The step-by-step
procedures for ajar test are as follows:

1. Prepare a standard solution of each



coagulant selected for trial by adding 10 grams
of coagulant to 1 liter of distilled water.

2. Correct the pH of a sample of raw water
to within the optimum range for the coagulant
being tested (only if the pH is to be adjusted to
the same extent in actual plant operation).
Divide the raw water into six 1 liter samples,

3. Add 0.5 ml of standard coagulant
solution to one sample of raw water, 1.0 ml to
the second sample, 2.0 ml to the third sample,
3.0 ml to the fourth sample, 4.0 ml to the fifth
sample, and 5.0 ml to the sixth sample. The
result is a dosage of 5, 10, 20, 30, 40, and 50
mg/1l, respectively.

4. Agitate samples in the jar test apparatus
at a velocity about equal to the treatment
equipment you are using and for the same
length of time as the treatment equipment
mixing time.

5. Keep the samples at the same
temperature as water passing through your
treatment equipment.

6. After stirring, let the samples settle for
30 minutes.

7. Siphon off a sample of the supematant
and determine the turbidity by using a
turbidimeter.

8. The smallest amount of coagulant that
produces the lowest turbidity represents the
optimum dosage. Multiply the coagulant
dosage in mg/1 ( step 5 above) by 8.33 to get
the correct chemical feed in pounds per million
gallons.

9. Repeat the steps for each chemical used
until satisfactory results are obtained.

As to acceptability, the taste and odor of

water must be considered from the user’s point
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of view. Tastes and odors of water are
most commonly caused by algae,
decomposing organic material, dissolved
gases, or industrial wastes. Potability is not
fleeted by the presence of odors and
tastes. On the other hand, palatability is
frequently affected, particularly when a
substance such as bone or fish oil is present.
Tastes and odors that make water
unpalatable must be removed. Use of free
available chlorine, aeration, and activated
carbon can do much to prevent or remove
unacceptable tastes and odors from treated
water.

The use of free available chlorine
is advantageous because most odors and
tastes are removed and rigorous disinfection
is assured.

Activated carbon is the most widely
used single process for taste and odor
removal. Aeration and copper sulfate
treatment are also used. All three methods

are described below. The method used
depends upon the substance or substances to
be removed and the equipment available.

® Activated carbon is an excellent
absorbing agent to use in ridding water of
unpleasant tastes and odors. It is also an
effective agent for removal of organic
color. It is insoluble and tends to float
unless all particles are wetted thoroughly
by being made into a slurry before being
added to the water. When continuous
flow equipment is being used, the activated
carbon should be added to the limestone
feeder and added to the water with the
limestone slurry. When the batch type of
equipment is being used, the activated
carbon can be added along with other

chemicals in the coagulation tank. Being



insoluble, activated carbon does not affect the
pH value or chemical characteristics of water.
One ounce of activated carbon per 1,000
gallons of water is usually adequate. However,
dosages up to 1 pound per 1,000 gallons can be
used, depending upon the kind and degree of
impurities present. Use of activated carbon in
much higher dosages for removal of chemical
agents is discussed later in this chapter.

NOTE: Treatment with activated carbon
should always be made ahead of, or part of, the
coagulation process, so the activated carbon and
the various impurities absorbed by it are removed.

® Aeration treatment consists of adding
oxygen by exposing the water to air. The
process has a two-fold action. Volatile odor-
producing materials are released to the
atmosphere, and the action of the air upon readily
oxidizable materials causes a precipitation of
insoluble oxides and hydroxides. Removal of
hydrogen sulfide is an example of the formal
action, while removal of iron is an example of the
latter action. The aeration of water to rid it of
the taste and odor of decomposing vegetable
matter generally involves both actions.

® Copper sulfate controls tastes and odors
caused by small living organisms. This treatment
is most frequently used in lakes and reservoirs.
The copper sulfate is applied by towing a porous
sack containing copper sulfate crystals behind a
boat or by spraying a copper sulfate solution over
the surface of the water. The amount of copper
sulfate you should use depends on the type and
concentration of organisms present. Dosages
must be controlled because amounts greater than
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2.0 parts per million (ppm) kill fish in the
water. The amount necessary to remove
microorganisms has no detrimental effect on
human beings. Copper sulfate treatment is
rarely used in field water supply for
several reasons.

1. The advantage to be derived from
treating an entire lake or reservoir frequently
does not warrant the expense of the
treatment when the length of time the water
to be used taken into
consideration.

source is is

2. The amount of copper sulfate used
entails considerations of wildlife, medical
effects, and total water chemistry which
are beyond the water supply technician’s
area of operation.

3. Superchlorination and dechlorination
with activated carbon are effective for
short periods although they are expensive
for extended operations,

Temperature must be considered in the
treatment of water. Lowering the
temperature of water suppresses odors and
tastes and, therefore, its

palatability. In the summer, the temperature

increases

of deep lakes and reservoirs decreases
sharply from top to bottom. By shifting the
depth of intake, it maybe possible to draw
relatively cool water even during hot
weather. Water should be drawn from the
lower depths when possible. Cool water is
more viscous than warm water and thus is
more difficult to filter. Cool water is more
difficult to coagulate and chlorinate
effectively than warm water because of
slower reactions. Water treatment rates



should be reduced when water temperatures are
less than 45°F.

CHEMICAL CHARACTERISTICS
OF WATER

The most important chemical characteristics of
water are its acidity, alkalinity, hardness, and
corrosiveness. Chemical impurities can be
either natural, man-made (industrial), or be
deployed in raw water sources by enemy forces.

Some chemical impurities cause water to
behave as either an acid or a base. Since either
condition has an important bearing on the
water treatment process, the pH value must be
determined. Generally the pH influences the
corrosiveness of the water, chemical dosages
necessary for proper disinfection, and the ability
to detect contaminants.

Hardness

Hardness is caused by the soluble salts of
calcium, magnesium, iron, manganese, sodium,
sulfates, chlorides, and nitrates. The degree of
hardness depends on the type and amount of
impurities present in the water. Hardness also
depends on the amount of carbon dioxide in
solution. Carbon dioxide influences the volubility
of the impurities that cause hardness.

The hardness caused by carbonates and
bicarbonates is called carbonate hardness. The
hardness caused by all others (chlorides, sulfates,
nitrates) is called noncarbonated hardness.

Alkalinity is usually equivalent to the
carbonate hardness. Sodium, however, also
causes alkalinity. In natural waters, sodium is not
normally present in appreciable amounts.

9-16

Therefore, in natural waters, the alkalinity is
equal to the carbonate hardness. After
water has been softened, a large amount of
sodium remains in the treated water. In
softened water, the total alkalinity is the
sum of the carbonate alkalinity plus the
sodium alkalinity. Hardness is undesirable in
that it consumes soap, makes water less
satisfactory for cooking, and produces scale
in boilers and distillation units.

The following minerals cause hardness
in ground and surface waters:

® Calcium carbonate. Alkaline and only
lightly soluble; causes carbonate hardness
and alkalinity in water.

® Calcium bicarbonate. Contributes to
the alkalinity and carbonate hardness of
water. Calcium bicarbonate when heated
produces carbon dioxide and calcium
This calcium carbonate
ib boilers and

carbonate.
precipitates as scale
distillation units.

® Calcium sulfate or gypsum. Causes
noncarbonated hardness in water. Being
more soluble in cold water than in hot, it
separates from the water in boilers and
forms scale on the boiler tubes.

® Calcium cloride. Causes
noncarbonated hardness in water. In steam
boilers and distillation units, the presence of
calcium chloride causes chemical reactions
that can pit metallic tubing.



® Magnesium carbonate (magnesite) and
magnesium _bicarbonate. Act the same in water as

calcium carbonate and bicarbonate.

® Magnesium sulfate (epsom salts). Adds

to the noncarbonated hardness of water and causes
boiler scale. In amounts greater than 500 parts
per million in drinking water, it acts as a laxative.

® Magnesium chloride. Has the same
properties and effects as calcium chloride.
However, the magnesium will contribute to the
formation of magnesium hydroxide scale on
boilers and evaporators.

® Iron. Iron is undesirable because it imparts
a rusty color and objectionable taste to water. It
also forms crusts in plumbing and piping. When
iron is present in water, organisms whose life
processes depend on iron compounds may also
be present. These organisms may cause tastes and
odors and create what is called red water.

® Manganese. While not encountered as
often as iron, it is found in both surface and
ground water. Its presence in water normally
causes a grey or black color. The total concen-
trations of iron and manganese in potable water
should not exceed 0.3 ppm.

Iron and manganese removal is not normally
required in the production of field drinking water.
Oxidation by aeration, followed by sedimentation
and filtration, is the most common method of
removing iron and manganese. They are oxidized
to insoluble ferric oxide and manganese oxide
by this process. The same methods may generally
be used to remove both iron and manganese,
although when they are present together in
water, removal is more difficult. Combina-
tions of iron and manganese with organic
matter may require aeration in trickling beds
containing coke, followed by sedimentation
and filtration. In some cases superchlorination
followed by sedimentation and filtration will
in itself remove these two substances. The
addition of lime, Ca(OH)z2, followed by sedi-
mentation and filtration, is another method for
removal of these substances.

The concentration of chemical substances pre-
sent in water for military water supply should not
exceed the values shown below. If local conditions
or short-term requirements make the use of
water containing higher chemical concentrations
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necessary, authorization must be obtained from
the medical officer.

Chemical Substances Maximum Values

Copper......... ... ... 1.0 ppm
lron...................... 0.3 ppm
Manganese . .......... ...... 0.05 ppm
ZINC ... oo 5.0 ppm
Magnesium . ............... 125.0 ppm
Chlorides . . ................ 250.0 ppm
Sulfates . ............ ...... 250.0 ppm
Phenolic compounds 0.001 ppm
Lead...................... 0.05 ppm
Hexavalent Chromium ...... 0.05 ppm
Fluoride................... 1.5 ppm
Turbidity (silica scale) . ... ... 5.0 units
Color (platinum-cobalt

scale) . .................. 15.0 units
Nitrate-Nitrogen . ..... ...... 10.0 ppm
Total solids 500.0 ppm

Water softening is the term used to identify
the process of treating water supply hardness.
Water softening is most likely to be necessary
when water is being supplied to laundries and
heating units involving boilers and steam
equipment.

®Lime-Soda Process. Lime-soda ash
softening consists of the application of these
materials to the raw water. Lime, Ca(OH)z2, reacts
with the soluble calcium and magnesium bi-
carbonates and forms insoluble calcium carbonate
and magnesium hydroxide. Soda ash, Na2COs,
reacts with the soluble noncarbonated compounds
of calcium and magnesium to precipitate insoluble
calcium and magnesium compounds but leaves
sodium compounds in solution. The physical
operation of adding lime-soda ash and removing
the precipitates is similar to that in the conven-
tional coagulation-filtration process for bacteria
and turbidity removal.

@® Zeolite Process. Zeolites used in water
softening are complex compounds of sodium,
aluminum, and silica which have the faculty of
exchanging bases. They are often called green
sand because of the color of natural zeolite.
Synthetic zeolites are also available. When water




containing calcium and manganese compounds
passes over the zeolite, the calcium and manganese
are exchanged for the sodium in the zeolite. In
this way the water is softened and its sodium
content increased. When the sodium of the zeolite
is exhausted, it is regenerated by applying a
sodium chloride solution. Another exchange is
made, and the resulting concentrated solution of
calcium and magnesium chloride is discharged to
waste. The operating rate varies directly with the
thickness of the zeolite bed. The time between
regenerations depends on the characteristics of the
water and the total amount of water applied. The
need for regeneration will be evident when hard-
ness is no longer removed. The zeolite process can
only be used on water that has been treated for
removal of turbidity.

® lon Exchange. The ion exchange unit,
when run on the sodium cycle, will significantly
soften water. The ion exchange unit will also
remove such undesirable ions as (hose of
manganese and lead.

Dissolved Gases

The concentration of a gas in water is directly
proportional to the concentration, or partial
pressure, of the gas in the atmosphere in contact
with the water surface. In general, this involves
the water temperature, its salinity, and the
altitude. The gases of primary interest to water
supply are as follows:

® Oxygen. Large amounts of dissolved
oxygen are found in rainwater. The amounts in
surface water vary greatly, depending on the
amount and type of pollution, the degree of self-
purification, the action of algae, and the
temperature of the water. Polluted water will
exhaust the oxygen supply, while clean water will
contain much dissolved oxygen. Cold water con-
tains larger amounts of dissolved oxygen than
warm; as water temperature rises, the dissolved
oxygen is released to the atmosphere. Decreased
pressure on water has the same effect, releasing
oxygen to the atmosphere. Dissolved oxygen
causes the solution of metals and, especially in
the presence of carbon dioxide, causes many
metals to corrode.

® Carbon Dioxide. The presence of carbon
dioxide in water contributes to the degree of
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hardness and acidity of the water. Water
acquires this gas in four ways: from the air
by natural movements of water in contact
with the air, such as currents and wave
action; by contact with decomposing vegeta-
tion, which gives off carbon dioxide freely; by the
reaction of ferric chloride and limestone in the
coagulation process; and by contact with the gas
in underground deposits. A high carbon dioxide
content usually makes water more corrosive to
metals.

® Hydrogen Sulfide. Hydrogen sulfide in
solution lends a disagreeable taste and rotten-egg

odor to water. Ground water absorbs sulfides by
passing over sulfur-bearing rocks. Hydrogen
sulfide is also responsible for the destruction of
cement and concrete as well as the corrosion of
metals. In small amounts, it is unpleasant but
not dangerous. In large amounts it is harmful.
Water that smells of hydrogen sulfide should be
treated.

Dissolved gases are removed by means of aera-
tion or the use of activated carbon. Aeration
exposes as much water as possible to the air. This
will release dissolved gases such as hydrogen
sulfide and carbon dioxide to the atmosphere.
Liberating the dissolved gas from the water by
aeration permits the oxygen in the air to come in
contact with the finely divided water particles,
thereby increasing the dissolved oxygen content
of the water. This increase of oxygen content
removes the offensive taste and odor imparted by
the dissolved gases. Aeration raises the pH by
eliminating the carbon dioxide, but increases cor-
rosiveness by increasing the amount of dissolved
oxygen. One type of aerator consists of trays con-
taining slats or coke over which the water is
sprayed. Other methods of aeration include
spraying water up over a shallow receiving
basin and forcing air into a basin with
diffusers or mechanical pump-type aerators
similar to those used in sewage treatment.
Operation of most aerators is practically auto-
matic; operators’ duties consist essentially
of making sure pipes, slots, and surfaces are not
clogged and that air has free access to the water.
If the water is not to be filtered after aeration,
aerators must be screened to keep out insects and
other foreign matter.

Activated carbon is a specially treated granular
powdered carbon. It absorbs or attracts large
guantities of dissolved gases. It is extremely



effective in taste and odor control, provided
the

1. type of activated carbon used meets
minimum standards,

2. dosage is correct,

3. carbon is mixed intimately with the water,
and

4. carbon is in contact with the water for an
adequate period.

Acceptable commercial preparations of ac-
tivated carbon should meet the following
minimum specifications:

1. It does not contain any soluble mineral in-
jurious to health.

2. Moisture content is not over 8.0 percent.

3. It is powdered form that wets down and
goes into suspension readily, does not settle too
rapidly, and does not float on the surface when
applied.

4. At least 99 percent of the carbon in water
suspension passes a 100-mesh sieve and 95 per-
cent passes a 200-mesh sieve.

5. It has enough adsorption capacity to reduce
a concentration of 0.1 milligrams per liter (mg/l)
phenol in distilled water to 0.01 ppm.

Because of the wide range in waters, no
general rule can be given for activated-carbon
dosage. The dose required at each water plant
must be determined by periodic laboratory tests.
The test is made by preparing a number of
samples of raw water, adding the standard
amount of treating chemicals and varying
amounts of carbon to each sample, allowing plant
contact time, filtering, and making odor tests.
Numerical comparison can be made with the
threshold odor test. A carbon dose of 3 ppm
removes most tastes and odors from water.
However, dosages can vary from 3 to 15 ppm,
depending upon the odor of the water. Laboratory
tests will determine the dosage.

Activated carbon is fed into the water by dry
feeders. It must be handled more carefully than
coagulant because it is a fine powder; therefore,
the feeder must bean approved type and designed
to prevent the spreading of the carbon dust and
causing fires. In addition, inhaling of the dust by
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personnel, even in low concentration, can affect
their lungs. The dry feeder room should have
explosion proof electrical equipment. A spark or
pilot flame can create an explosion. Dry carbon
will float on the surface of the water for a long
time. Therefore, it is important that the carbon
be wetted thoroughly, mixed by agitation using
a paddle wheel, swirling action, a spray, or so
forth, in a small tank. Some dry feeders have a
mixing chamber in which the carbon is wetted by
the swirling action of the water.

Activated carbon may be applied to the water
at one or several points, depending on the results
desired. Carbon is added at one or more of the
following points:

® In the raw water, as early as possible after
it enters the plant. This point of application is not
recommended for extremely turbid waters.

® In the mixing basin. When added before
sedimentation, activated carbon not only removes
foreign matter from the water, but the carbon that
settles in the sedimentation basin continues to
absorb products of sludge decomposition, thus
preventing formation of secondary tastes and
odors. Black alum is premixed activated carbon
and coagulant that can be used in special situa-
tions both as a coagulant and for taste and odor
control.

CHEMICAL, BIOLOGICAL, AND
RADIOLOGICAL (CBR)
CONTAMINATION

Should chemical or biological agents or
nuclear weapons be employed during conflicts,
the water supply of the area involved would, in
all likelihood, become contaminated. A water
source contaminated with a chemical, biological,
or radiological agent can cause incapacitation
or death to a consumer. Effective means for
determining the presence of CBR agents, followed
by proper decontamination procedures, can
reduce or eliminate the hazards caused by these
agents.

In the event that you are assigned to super-
vise or manage a field water supply point, you
will be responsible for the detection and removal
of CBR contaminants. The supervisor of a water
point crew must be sure the crew is trained
in the identification of CBR contamination by



recognizing the various indications of CBR
contamination of their water point as follows:

® An unusual taste or odor

® Dead fish and animals in unusually large
numbers

® A sudden drop in normal pH values or a
pH value of less than 6.0

® High readings on radiac equipment

® Personnel developing fevers, diarrhea,
cramps, vomiting, and so forth

® Burning sensation of skin, eyes, and nose

® Runny eyes, nose, and mouth

If CBR contamination of a water source is
suspected, have your crew don appropriate pro-
tective clothing and equipment before they start
tests for determining the type and extent of the
problem. For example, water contaminated with
a nerve agent should not be allowed to come in
contact with the skin nor the vapors be inhaled.
Therefore, wearing a protective mask and gloves
would be necessary before checking for nerve
agent contamination.

Chemical Contamination

Chemical agents are classified in seven
categories: nerve, blister, blood, choking,
vomiting, irritant, and incapacitating. The nerve
agents, blister agents, and agents containing
cyanide are most dangerous because they are
highly poisonous. Some are soluble in water and
either are slow to decompose in solution or
remain poisonous after decomposition. Water
supplies are likely to become contaminated as an
incidental result of widespread chemical attack,
rather than as a result of direct attack on the
water supply. Chemical agents are colorless,
odorless, and tasteless. The first indication of
their use could be the appearance of casualties.
The chemicals affect people, animals, and plants
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but and other

facilities untouched.

leave homes, factories,

Biological Contamination

Water is a carrier of many organisms that
cause intestinal disease. An epidemic of one
of these diseases among troops can be more
devastating than enemy action and can cause
great damage to morale as well as health. A
heavy responsibility thus rests upon the
Utilitiesman, and vigilance over water
purification equipment and procedures should
never be relaxed. It is emphasized that water
treatment methods to be used when certain
chlorine-resistant organisms are encountered
should be prescribed by a representative of
the medical officer. The representative will
recognize or anticipate the presence of these
organisms and recommend such additional
chlorination or other treatment methods as
may be necessary.

A waterborne disease rarely produces
symptoms in its victim immediately after the
victim has consumed the contaminated water.
A period of time, known as the incubation
period, must pass before the victim comes
down with the disease. During this
incubation period, the disease organisms are
growing and multiplying. Absence of
symptoms for several days after untreated
water has been consumed is, therefore, no
guarantee that the water is safe. Also,
absence of disease among the local
inhabitants is no assurance of safety because
they may have developed immunity.

Types of waterborne diseases include
typhoid fever, paratyphoid fever, cholera,
bacillary dysentery, amebic dysentery,
common diarrhea, infectious hepatitis, and
Biological

schistosomiasis. water

contamination causes little, if any, change in



the chemical and physical characteristics of water,
such as pH, alkalinity, and color. This makes it
difficult to test a water source for contamination.
However, when the water has an excessive
chlorine demand, it should be viewed with
concern. The excessive demand could be due to
microorganisms. Other indicators are as follows:
aircraft dropping or spraying of unidentified
material; unusual types of bombs, particularly one
which bursts with little or no blast; smoke and mist
of an unknown substance: unusual increase in
insects, such as mosquitoes, ticks, or fleas;
increased occurrence of sick or dead animals;
increased incidents of troop sickness and disease;
or intelligence reports indicating enemy use of a
biological contaminant.

Radiological Contamination

Although nuclear weapons have been used in
combat, there are no reliable data as to the effect
of nuclear explosions on field water supplies.
However, available fallout data leave no doubt that
contamination of water supplies by this means
must be considered. Since radiation is not
detectable by human senses, you should use
instruments and laboratory tests to determine its
presence.

A nuclear attack over or near a source of
water supply will probably cause its contamination
with radioactive materials. A nuclear explosion
could cause contamination by any of the following
(listed in the decreasing order of importance to the
water point operator):

® Fallout of fission products

® Induced activity in the water and surrounding

soil

® Blow-in or wash-in of radioactive dust
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® Fallout of unfissioned uranium or

plutonium

The magnitude of contamination depends
upon the yield of the weapon, the location of
the detonation with respect to the water
source, and whether it is air, surface, or
subsurface burst.

TREATMENT OF CBR
CONTAMINATION

If chemical, biological, or radiological
agents, or any combination of these, are used,
the field water supply will inevitably be
involved. It is impossible to foresee what type
of agent will be used, but effective security
measures can decrease and counteract the
hazards of all three types of agents.

Effective security involves prompt and ac-
curate detection. Contamination by chemical
agents usually, although not always, leaves
significant signs that should arouse immediate
suspicion. These are drastic lowering of the
pH value of the water, characteristic odors
and tastes, and dead fish. If chemical con-
tamination is suspected, the medical officer
will have medical personnel test the water
with the Chemical Agent Water Testing Kit
M272. A complete technical and operational
breakdown of this kit can be found in Army
TM-3-6665-319-10.

Advice and guidance from the medical
officer must be sought and followed carefully
when water contaminated by CBR agents
must be treated and used. Specialized training
of personnel in the latest means of detection
and treatment will aid water supply
technicians in safeguarding the lives and
health of personnel.

If contamination of any type, by CBR



agents or poisonous industrial wastes, is detected,
every effort must be to find
uncontaminated water source before considering
treating and using water known to be
contaminated.

When an uncontaminated source of supply is
not available for use, permission must be secured
from proper medical authority to proceed with

made an

treatment of the contaminated water.

Water is considered CONTAMINATED AND
UNSAFE for treating if one or more of the
following results are obtained from competent

testing:

Arsenic test. positive
Mustard test . positive
pH test . .pH below 6
Chlorine demand test . . . . . . . positive
Nerve agent test . . positive
Taste and odor test . . . . . ... .. positive

Water is considered safe for treatment by the
usual methods if the pH is above 6.0 and all other
contamination tests are negative.

When contamination by a CBR (chemical,
biological, radiological) agent has been determined
to be present in your water source, the Reverse
Osmosis Water Purification Unit (ROWPU) may
be used.

The ROWPU will successfully remove 99
percent of CBR contamination from a water
source. A post-treatment system in conjunction
with the ROWPU will remove a total of 99.9
percent of CBR contamination.

Post Treatment
The 600-gph ROWPU post-treatment system

consists of two CBR cylinders. One cylinder is for
nuclear and the other is for chemical. The types of
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contamination present will determine what
cylinder you should use. The CBR cylinder
filters are capable of decontaminating water
for up to 100 operating hours. The cylinder
marked “nuclear” contains resin beads that
absorb certain ions present on the nuclear
battlefield. The cylinder marked “chemical”
contains activated carbon that absorbs agents
found on the chemical battlefield.

Nuclear Agent Removal

The ROWPU removes the majority of ions
wit bout post treatment. The reverse osmosis
(RO) removal characteristics for nuclear

warfare agents are as follows:

® 95.5% of iodine, leaving the nuclear
cylinder to remove 4.5%.

® 99.7% of strontium, leaving the nuclear
cylinder to remove .2%

® 98.% of cesium, leaving the nuclear
cylinder to remove 1.2%.

Chemical Agent Removal
The ROWPU also removes large amounts

of chemical RO
characteristics for various chemical warfare

agents. removal
agents are as follows:

® GB-99.1%,
cylinder to remove .7%.

leaving the chemical

® VX-99.9%,
cylinder to remove .1%.

leaving the chemical

® BZ-99.9%, leaving the chemical
cylinder to remove .1%.



® GD-99.7%, leaving the chemical cylinder to
remove .3%.

Biological Agent Removal

The ROWPU also removes biological agents
from a water source. Reverse osmosis removal
characteristics for various chemical agents do not
exist. Any biological agent that is not removed by
the ROWPU will be eliminated by the chlorine
residual maintained in the product water.

WATER TREATMENT EQUIPMENT

The Utilitiesman may be called upon to
select and set up various types of field water
treatment equipment. You must be familiar
with the theory of operation, the capabilities, the
installation considerations, and the maintenance
requirements of this equipment. This section
covers four types of water treatment equipment.
They are distillation, reverse osmosis, filtration,
and disinfection units.

DISTILLATION

In areas where a satisfactory freshwater
source cannot be located and existing water

EVAPORATOR

treatment facilities are not usable, the
distillation process can be used to obtain
fresh drinking water from brackish water,
seawater, or water containing excessive
amounts of dissolved solids. Distillation is
effective for removing radioactive
contaminants from water. Since the output
of distillation equipment is limited and the
process is expensive, its use is restricted to
situations in which no other process is
adequate. Continuous flow or batch type of
water purification equipment is used

whenever possible.

Theory of Operation

Distillation consists of heating water to
form steam, separating the steam from the
remaining water, and then cooling the steam
so it becomes water again [(fig. 9-12). As the
water is heated to form steam or water vapor
and the vapor is separated and then cooled,
solids dissolved in the water do not vaporize
but remain behind in the raw water. A large
amount of heat that is not evidenced as a
rise in temperature is required to change
(vaporize) boiling water into steam. The
process whereby latent heat is removed and
steam becomes water is called condensation.

CONDENSER

J
J

o —

HEATER

COOLING

O6NVMO01

WATER
—_ A
DISTILLATE

Figure 9-12.—Distillation in its simplest form.
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Heat flows through the bottom of the
evaporator, enters the water, and changes the
water to steam. The steam is condensed in the
condenser, its latent heat of vaporization being
transferred to the water surrounding the tubes. A
portion of the cooling water that has picked
up heat in passing through the condenser is
used as feedwater for the evaporator. All
dissolved solids remain in the equipment and
noncondensable gases are vented to the air so the
resulting distillate is almost pure. Thus the
distillation process is usefull in producing water
of an extremely high purity and low in total solids,

Despite this high degree of purity, all
distilled water must be disinfected before being
consumed because of the possibility of
recontamination during handling, In
thermocompression distillation, the latent heat of
vaporization of steam is again used to produce

additional steam. The pressure and temperature of

the steam generated in the evaporator are
raised by compressing the steam. The
compressed steam passes to the condenser
section where it condenses, giving up its
latent heat and causing more steam to form in
the evaporator. This steam is then
compressed and the cycle repeated. The use
of combination evaporator-condenser with a
steam compressor creates a closed heat cycle,
permitting the continued reuse of the latent
heat of vaporization. The compressor is
driven by a gasoline or diesel water-cooled
engine.

shows the operation of a
simple thermocompression distillation unit.
Cold raw water flows through heat
exchangers where it is heated almost to
boiling by the outgoing streams of distillate
and brine and by water from the engine that
drives the compressor. The hot raw water
flows into the evaporator-condenser and is

Figure 9-13.—Flow diagram-thermocompression distillation.
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changed to steam by the steam condensing in the
tubes. This involves the transfer of latent heat.
The steam in the evaporator is drawn into the
compressor where it is compressed and its
temperature raised (from 212°F to 222°F). The
compressed steam flows back through the coils in
the evaporator-condenser where it transfers its
latent heat through the walls of the coil into the
water in the evaporator section. This transfer of
latent heat causes the steam to condense in the
coils and changes the water in the evaporator into
steam. This cycle will continue as long as the
COMpressor runs.

Installation

At permanent naval activities, the installation
of distillation equipment will be designed by
engineers and improvements to the system can
be made over a long period of time. In the
field environment, be the
Utilitiesman supervisor who must consider various

tactical it will

factors for the installation of distillation
equipment. These are as follows:

® potable water demand

® Sjte location

® Site drainage

® Security

® Fire protection

The demand for potable water will
determine the number of distillation units, the
need for storage facilities, operating hours, and so
forth. You must determine the population you
will be serving. Keep in mind that your water

point may supply many units in an area, not
just your organization.
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The site location for distillation
equipment must be upstream of any source
of contamination. You must consider ocean
currents that may change with wind direction,
weather conditions, the season of the year, or
tidal
personnel or equipment if you have to

relocate because the wind changed

action. It is not efficient use of

direction.

The site must also be relatively flat with
a gradual slope toward the ocean. You
also must allow for maximum tidal action.
In many areas the tide may rise and fall
several feet, depending on the season of the
year. Build low platforms to keep your
equipment out of the sand and to allow air to
circulate underneath tanks to prevent rot.
These platforms also prevent punctures of the
storage tanks by sharp objects and provide
a stable working area for operating
personnel.

The importance of providing adequate
drainage at any water point cannot be
overemphasized. Wastewater from filters,
leakage from tanks, and spillage from
distribution points can render a water point
inoperable as well as creating an unsanitary

condition.

Your water point may or may not be
located in the vicinity of friendly forces.
Denying the enemy information about your
water point by using overhead concealment
and camouflage may be necessary as well
as guarding against ground attacks and
sabotage with a defensive plan. Any
adverse effect, from thirst to disease, the
enemy can have on a water point will affect
the well-being of the force using it. It will



be considered in the plans of the enemy.

Distillation equipment cannot produce water
quickly enough to be used for fire protection.
Do not permit your treated water to be used for
this purpose except in extreme emergencies.
Raw water should be used whenever possible.

REVERSE OSMOSIS

The use of reverse osmosis water purification
equipment by the military has produced potable
water from the sources available in a combat field
environment. The reverse osmosis water
purification unit (ROWPU) is capable of treating
freshwater, brackish water, and seawater.
Additionally, the unit is capable of treating water
contaminated with chemical, biological, and
radiological warfare agents. When using the
unit to treat water contaminated by CBR agents,
you must use the equipment in conjunction with
auxiliary ion exchange and carbon adsorption

units.

The ROWPU used by the NCF is capable of
producing 600 gph of product water from
freshwater sources and 400 gph of product water
from seawater at 70°F. The rate of water
production in the ROWPU depends upon the
operating pressure, normally 350 to 550 psig for
freshwater and 750 to 950 psig for seawater.
Temperature affects the rate of flow. Cold water
decreases the flow, while warm water increases
the flow.

NOTE: Maximum
temperature of the ROWPU feedwater is 120°F.
Water temperatures above this figure may damage
the membranes within the reverse osmosis

operating water

modules.

Reverse osmosis (RO) is a purification
process in which filtered water is pumped
against a semipermeable membrane under
great pressure. The membrane allows
product water to pass through while rejecting
impurities, both dissolved and suspended.
You must use an extremely high pressure for
a usefull volume of water to pass through a
unit membrane. The reverse osmosis process
is shown in[figure 9-13[A). Reverse osmosis
may appear to be nothing more than a
filtering process, but there are distinct
differences. In filtration, the entire liquid
stream flows through the porous filter
medium and no chemical changes take place
between the feed and the filtrate. In RO, the
feed flows parallel to the semipermeable
membrane with a fraction of it passing
through a given membrane area; dissolved
ionic and organic substances are rejected by
the membrane and, in this case, drained off as

a brine.
PRODUCT
SEMIPERMEABLE ( -
MEMBRANE — WATER
t t t ¢
7wy __BRINE OF
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Figure 9-13(A).—Reverse osmosis process.
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The following explanation is the flow process suspended solids that passed through the

through the 600 gph ROWPU. As you read multimedia filter. From the cartridge filter,
through this section, refer to the flow diagram in the water is picked up by the RO pump that
[figure 9-13(B). Water is delivered to the ROWPU pushes the water under high pressure through
through the raw water pump. Upon entering the the pulse dampener and into the RO elements.
unit, it goes through the multimedia filter. This The RO elements remove dissolved minerals
filter removes small and large solids. From the and other bacteria that passed through the
multimedia filter, the water is picked up by the filters. The product water leaving the last
booster pump that pushes the water through the eleme.zn.t recelves-enough chlorine to kill any
cartridge filter. The cartridge filter takes out remaining bacteria.

' 3 £

?‘3\\ ] G
MULTIMEDIA CARTRIDGE s.g

FILTER m FILTER (( rRIBU

DRINKING
WATER

REVERSE OSMOSIS ‘LL ORAIN WASTE

o5MvS017

Figure 9-13(B).—Water flow through the 600 gph ROWPU.
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FILTRATION

Filtration consists of passing the water
through some porous material to remove the
suspended impurities. Filtration is one of the
oldest and simplest procedures known to man
for removing suspended matter from water and
other fluids.

It is a common misconception that filtration
removes suspended solids by a simple straining
process whereby particles too large to pass
through openings in the filter media are retained
on the media. The mechanism involved in
removing suspended solids by filtration is very
complex. While straining is important at the filter
media surface, most solid removal in deep granular
filters occurs within the filter bed.

Flocculation and sedimentation in the pore
spaces between filter media particles are an
important removal mechanism as well as
absorption of particles onto the filter media
surfaces. Additional straining between media
particles within the filter also contributes to overall

solids removal.

The simplest form of water filter is the sand
filter. This filter resembles a small reservoir,
whose bottom is a bed of filter sand that rests on
abed of well-graded aggregate with the largest
size aggregate being at the bottom. An
underdrain system of tile or brick is provided
beneath the gravel to collect the water from the
filter area. The underdrain system consists of a
header or main conduit extending across the filter
bed. Means are provided for regulating the flow
of water out of the filter through this header
and also for controlling the rate of flow onto the
filter. This allows the filter to be operated at
controlled rates that should not exceed 3.0 gph
per square foot of filter area. An average filter
bed consists of about 12 to 20 inches of gravel
and 20 to 40 inches of sand, The depth of water
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over the sand bed varies from 3 to 5 feet.

The cartridge filter basically comes in two
types of cartridge filtration: (1) depth
filtration, where solid particles become
trapped within the filter medium, and (2)
surface filtration, where solid particles form a
cake on the surface of the filter medium.
Wound fiber cartridges function primarily as
depth filters and are the standard cartridge
used in the 600 gph ROWPU. (See cartridge
filter in[figure 9-13[C).) The most effective
filtration system ever devised and one of
the most effective portable systems in
existence is the diatomite filter unit.
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1. Extended center core 3. Core cover
2. End treatment 4. Wound fiber fliter medium
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Figure 9-13(C).—Cartridge filter.



(fig. 9-14). In the diatomite filter, water is
passed through a layer of diatomaceous silica
(also called diatomaceous earth). It consists of
skeletal remains of minute algae (diatoms) found
in marine deposits that have lifted above sea
level.

The diatomite filter accomplishes highly
efficient filtration. Properly operated diatomite
filters are capable of removing from coagulated
and settled water, amoebic cysts, the cercariae of
schistosomes, and approximately 90 percent of the
bacteria. They also produce water with less than
one unit of turbidity.

Before filtering, water is normally pretreated
by passing it through sedimentation basins or
holding tanks. This process removes heavier
suspended solids that may cause rapid clogging
of the filter. This water is brought onto the filters
as the next step in the purification process. This
water contains very finely divided suspended
matter such as minute particles of floc, clay, and
mud that have not settled, and bacteria and
microscopic organisms that have not been
removed by sedimentation. The purpose of the
filter is to remove this suspended matter and give
the water a clear, sparkling, and attractive
appearance.

There are basically three types of filters. These
are slow sand filters, rapid sand filters, and
pressure filters.

Slow sand filters contain fine-grain sand and
have low filtration rates. They are usually used
when coagulation is not included in the treatment
process. Their capacity is about 2 to 10 million
gallons per day (mgd) per acre of filter surface.
Use of slow sand filters has been practically
discontinued because of their high cost per unit
of capacity and the labor required to clean them.
Rapid sand filters are now universally used in
modern water treatment plants. There are two
types, gravity and pressure. Gravity filters
[9-1 5) are essentially open-top rectangular concrete
boxes about 10 feet deep. An underdrain system
at the bottom is covered by gravel, which, in turn,
supports a 24- to 30-inch layer of fine filter sand
(fig. 9-16). Gravity filters are usually designed to
filter about 2 gpm per square foot of filter-bed
area. However, in an emergency, up to 4 gpm per
square foot can be obtained if prior treatment by
flocculation and sedimentation produces very low
turbidity and precholorination and postchlorina-
tion or both are effectively disinfecting the water.
Approval must be obtained from the major com-
mand to operate filters at rates in excess of 2 gpm
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Figure 9-14.—Diatomite filter, showing one filter element.
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Figure 9-16.—Typical sand filter showing relationship of filter media.
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per square foot. Pressure filters [(fig. 9-17) have
the filter bed enclosed in a pressure vessel. Water
is either pumped into the vessel and forced
through the filter or is drawn into the vessel and
through the filter by a pump. The diatomite filter
is classified as a pressure filter.

DISINFECTION

Besides coagulation, sedimentation, and filtra-
tion, water must undergo an additional treatment
step; disinfection. This is necessary because no
combination of the other three steps can be relied
upon to remove all disease-producing organisms
from water; also because there is danger of recon-
tamination during handling before consumption.
Residual disinfection using chlorination is the final
step in all water treatment processes (including
distillation). Under emergency or field conditions,
water may be disinfected with iodine or by boiling.

The most satisfactory means of water disinfec-
tion and provision of a residual is by means of
a chemical disinfectant. The efficiency of the
disinfection process is dependent upon numerous

~
AIR RELIEF
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Figure 9-17.—Pressure filter.
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factors. These include the chemical used, the con-
tact time, the type and concentration of
microorganisms, the pH and temperature of the
water, the presence of interfering substances, and
the degree of protection afforded organisms from
the disinfecting solution by materials in which they
are imbedded. Therefore, various concentrations
of disinfectant are required depending upon the
local environmental conditions and the amount
of particle removal effected.

Chlorine is the most commonly used chemical
for disinfection of water. It is used in field water
supply in the form of calcium hypochlorite, a
standard item in the supply system (commercially
known as HTH powder). When the calcium hypo-
chlorite is dissolved, the chlorine goes into solu-
tion and a calcium carbonate sludge settles out.
The chlorine is present in the solution as
hypochlorous acid or hypochlorite ion (depending
on the pH). Both forms are powerful oxidizing
substances. The chlorine available in either form
rapidly oxidizes the organic and inorganic
matter, including the bacteria in the water. In this
reaction the chlorine is converted to chloride and
is no longer available as a disinfectant. The
organic matter as well as such material as iron and
manganese consumes the chlorine. The use of
chlorine makes it possible to introduce an
accurately measured dosage to ensure the destruc-
tion of disease-producing organisms and provide
a readily measured residual to safeguard against
recontamination during further handling.

Chlorine dosage is the amount of chlorine
added to water to satisfy the chlorine demand as
well as to provide a residual after a specified time.
The amount required to disinfect water varies with
the organic content and pH value of the water,
the temperature, the time of contact, and the
chlorine residual required. The dosage is usually
stated in terms of parts per million (ppm) or
milligrams per liter (mg/l).

The chlorine demand of water is the difference
between the quantity of chlorine applied in water
treatment and the total available residual chlorine
present at the end of a specified contact period.
The chlorine demand is dependent upon the
nature and the quantity of chlorine-consuming
agents present and the pH value and temperature
of the water. (High pH and low temperatures
retard disinfection by chlorination.) For com-
parative purposes, it is imperative that all test
conditions be stated. The smallest amount of
residual chlorine considered to be significant is
0.1 ppm. The relationship of the demand to the
length of the contact period is discussed below.



Some of the chlorine-consuming agents in the
water are nonpathogenic (nondisease-causing
organisms), but this bears no relationship to the
fact that they contribute to the total chlorine de-
mand of the water. Navy policy requires that for
field water supplies, the chlorine demand must be
satisfied and chlorine residual must be present.

Residual chlorine is the amount of unreacted
chlorine remaining at a specified time after the
chlorine compound is added. Chlorine in aqueous
solution is highly unstable. It may change
guantitatively and qualitatively under numerous
conditions, including the presence of other
elements or compounds. The total residual
chlorine in the water can be chemically divided
into several types.

® Total available residual chlorine. This is
the sum of the free available chlorine and the
combined available chlorine.

® Free available chlorine. This refers to
hypochlorous acid and hypochlorite ion present
in water. These are the most effective disinfec-
tion forms of chlorine. The free available chlorine
is a rapid-acting type, important because it can
be relied upon to destroy bacteria relatively
quickly, and thus is active during the period
immediately following chlorination. The relative
amount of each present in the water is dependent
upon the pH value of the water. It is important
to remember that when the pH is raised, the
guantity of free available chlorine required to kill
the same number of microorganisms increases.
With decreasing temperature, the same situation
of increasing dosage to maintain the same Kill is
encountered. If the contact time is varied, then
the dosage applied must also be changed. For
example, to shorten the contact time the dosage
would have to be increased.

® Combined available chlorine. This results
from the presence of ammonia or organic nitrogen
that will react to form simple chloramines. Thus
the term combined available chlorine arises from
the fact that the chlorine has combined with
another substance. Chloramines are a slower
acting and less active form of disinfectant.
Therefore, a much higher concentration than that
of free available chlorine is needed to produce the
same germ-destroying effect. The specific
chloramines present are also a function of pH.

Chlorine demand in most water is likely to be
largely satisfied 10 minutes after chlorine is
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added. After the first 10 minutes of chlorination,
disinfection continues but at a diminishing rate.
A standard period of 30 minutes’ contact time is
used to assure that highly resistant or high disease-
producing organisms have been destroyed, pro-
viding a high enough dosage has been applied.
Given a sufficiently large chlorine content, and
if certain other conditions are met, even such
special water purification problems as the presence
of amoebic cysts or schistosomes will be solved
with the 30-minute contact period.

The efficiency of the chemical disinfection
process is dependent upon numerous factors.
They include the type and concentration of
microorganisms, the pH and temperature of the
water, the presence of interfering substances, and
whether or not the organisms are protected from
the disinfection solution by being embedded in
tissue cells, or clumps of tissue cells, or other
material. Therefore, various concentrations of
disinfectants are required. Minimum concentra-
tions of disinfectants are prescribed below. Higher
concentrations may frequently be prescribed by
the medical officer on the basis of his knowledge
of endemic disease or local environmental con-
ditions.

SEABEE-operated mobile and portable water
treatment units use coagulation and filtration as
a part of the treatment process. They are capable
of a high degree of removal of particulate
material. When those units are used, sufficient
chlorine will be added to the water, preferably
before coagulation, so the residual in the finished
water after 30 minutes of contact will be at least
as much as that indicated by the following table.

30-Minute Free Chlorine
Residuals in mg/1

0.75
0.75
1.00
3.00
5.00
5.00

—
o@oo\lc»mE

If adequate provisions are not made for accurate
and frequent measurement of pH, 5.00 mg/1 must
be used. The following guidelines were used in
developing the above table:

® The water to be treated would be natural
surface or ground water of average composition
and not grossly or deliberately contaminated.



® Water temperature would be above the
freezing point.

® Treatment would consist of coagula-
tion, sedimentation, and filtration through
diatomaceous earth. Water plant operators would
be well trained and dependable.

® The prescribed concentrations of free
chlorine should provide a reasonable margin of
safety for all bacteria and viruses pathogenic to
man. Parasitic ova (eggs) would have been
removed in the coagulation and filtration steps
of the treatment process.

EMERGENCY TREATMENT
METHODS

Emergency treatment methods using water
sterilizing bags, canteens, and other water con-
tainers do not provide for removal of impurities
by coagulation and filtration. The entire reliance
for rendering the water safe for consumption is
placed on the disinfection process. Sufficient
chlorine is added to the water so the residual, after
30 minutes of contact, will be at least 5 ppm of
total chlorine. Under certain conditions, such as
the presence of highly resistant disease-producing
microorganisms or adverse environmental condi-
tions, the medical officer will designate such
higher residuals as may be necessary.

Boiling is a quick means of disinfecting small
guantities of water in the field by individual
soldiers. It is likely that all bacteria that produce
diseases in man are Kkilled by pasteurization
temperatures. But there are some resistant
organismes, principally viruses (such as infectious
hepatitis), for which water must be boiled to
achieve inactivation. A practical minimum
standard for altitudes from sea level to 25,000 feet
is to bring the water to a rolling boil for 15
seconds. Longer boiling times may be prescribed
by the medical officer on the basis of evidence
that the minimum is not inactivating all
pathogenic microorganisms. Upon cooling, the
boiled water should be kept in a covered uncon-
taminated container. Boiling is obviously a
difficult way to disinfect large quantities of water.

Breakpoint chlorination is the application of
chlorine to produce a residual of free available
chlorine with no combined chlorine present. As
chlorine is added, the total residual increases
gradually after the initial demand of the water has
been satisfied. At some residual concentration,
depending on the water treated, free available
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chlorine reacts with the remaining oxidizable
substances (including combined chlorine), and the
residual drops sharply. When all combined
chlorine has been oxidized by reaction with free
available chlorine, the residual, now consisting
only of free available chlorine, rises again and
continues to increase in direct proportion to
increased dosage. The point at which the residual
again begins to increase is the breakpoint.

[Eigure 9-18] shows four typical breakpoint
chlorination curves. Note that the curve rises at
almost a 45-degree angle after the breakpoint is
reached. Reactions are most rapid at pH from 6.5
to 8.5 and with increasing temperatures.

Curve 1 shows a typical breakpoint for water
containing a considerable amount of ammonia.
During the initial upward rise, chloramines are
first formed. The curve rises until sufficient free
available chlorine is developed to react with
chloramine; then it falls until a point where all
ammonia compounds have been oxidized.

With less organic matter in the water, as in
curves 2 and 3, free available chlorine is formed
sooner, destroying chloramines formed at the
early stage. This results in lower combined
chlorine residuals and flatter curves before
breakpoint.

With practically no organic matter, curve 4
shows the chloramines are neutralized at an
early stage by the upswing of the curve.

For some waters containing complex organic
compounds, several intermediate breakpoints
occur.

Advantages of breakpoint chlorination are
high bactericidal efficiency, long-lasting residuals,
and low odor and taste characteristics. It can be
used only if detention periods are long enough to
develop free available chlorine residual. This
varies with the organic content of water. In some
cases the treated water must be open to the air
to permit escape of chloroorganic gases formed.

Tests for ammonia nitrogen will assist in deter-
mining the breakpoint. In practice, 10 to 25 times
as much chlorine as ammonia nitrogen content
may be needed to reach the breakpoint. Break-
point chlorination, before instead of after filtra-
tion, has been found desirable. In surface water
supplies with widely varying ammonia nitrogen
content, the breakpoint chlorination should not
be used unless trained assistance is available to
make frequent tests for the breakpoint. With such
water quality, the breakpoint curve can change
radically in a short time.

Superchlorination is the application of more
chlorine than needed for the chlorine residual



essential to marginal chlorination. The surplus,
which is used to control odors and tastes, is later
removed by dechlorination. This method is
particularly valuable in surface waters with
variable ammonia and organic content. Sulfur
dioxide reacts with chlorine to form acids that
are neutralized by the natural alkalinity of the
water. Sulfur dioxide is fed by equipment similar
to that used for chlorine feeding. Activated
carbon absorbs the excess chlorine, while
aeration removes it by dissipating it to the
atmosphere.

Water Purification System (3000D)

The 3000D Water Purification System was
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developed to provide a fully self-contained
water purification unit for purifying turbid
and bacteria-polluted water. The design of
the unit allows for increased efficiency,
mobility, and cost effectiveness. The unit
provides trouble-flee water purification at the
rate of 3,000 gph.

There are four modular components
located within a single frame: diesel-powered
pump, chlorinator control, filter, and supplies
to produce 20,000 gallons of potable water.
Subsequent water processing requires only
Diatamatious earth, chlorine, and diesel fuel.
Each module may be operated independently
in or out of the frame by one person.
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Figure 9-18.—Breakpoint chlorination curves.
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CHAPTER 10

SEWAGE TREATMENT AND DISPOSAL

Sewage is the wastewater of community life.
In composition it includes dissolved and
suspended organic solids that are liable to become
putrid and decay. Sewage contains countless
numbers of living organisms, bacteria, and other
microorganisms whose life activities cause the
process of decomposition. When decay proceeds
under anaerobic conditions (an absence of
dissolved oxygen), offensive conditions result and
odors and unsightly appearances are produced.
When decay proceeds under aerobic conditions
(dissolved oxygen present), offensive conditions
do not result and the process is accelerated.

It is important to remove sewage and other
wastes to an area away from the center of
activity. It is only by such practices that the
environment can be maintained in an acceptable
and safe condition. Among the waste products of
life are the disease-producing (pathogenic)
bacteria and viruses that can be readily
transferred by sewage from sick individuals to
well ones. Procedures for proper disposal of
sewage are necessary to protect the health and
comfort of the people and to maintain the
cleanliness of the environment.

The degree of treatment used for sewage
depends on two main considerations: (1) health
protection for individuals in the command and
community and (2) prevention of water pollution.
State and local authorities with statutory
authority in pollution control have established
standards of purity that are necessary to prevent
pollution of natural waters. Accordingly, when a
Navy installation discharges liquid waste into
controlled waters, the standards set by state and
local authorities must be maintained. As a
Utilitiesman you may be involved in the
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installation, operation, and maintenance of
systems designed to meet the above
requirements. This chapter discusses the major
sources of sewage along with sampling and
testing procedures and monitoring of sewage
disposal influents. In addition to these subjects,
septic tanks, cesspools, and leaching fields are
also discussed.

SOURCES OF RAW SEWAGE

The major sources of raw sewage are
domestic sewage, industrial sewage, and storm
water.

DOMESTIC SEWAGE

Domestic sewage consists of waste from
toilets, lavatories, urinals, bathtubs, showers,
home laundries, and kitchens. It also includes
similar wastes from medical dispensaries and
hospitals.

INDUSTRIAL SEWAGE

Industrial waste, depending upon the source,
has characteristics that are different from
domestic waste. Some of these wastes are
dangerous to plant operators as well as to the
treatment plant and collection system. Industrial
waste sources include, but are not limited to,
laundry and dry-cleaning plants, metal-cleaning
and plating processes, paint spray booths,
aircraft and vehicle cleaning racks, boiler plants,
photographic processing systems, and
fire-fighting activities. Most industrial waste
requires pretreatment before



being introduced into a collection system at their
source.

Industrial wastes can also be very high or low
in pH because of acids and/or bases used in their
processes. You may expect intense colors in wastes
from painting areas. Grit, salt, and dirt levels may
be high from vehicle wash racks. Radioactive
wastes must never be dumped into. regular collec-
tion systems. They must be handled separately
and, in most cases, very carefully. Explosive or
flammable liquids can often enter the system from
fuel storage areas. These liquids also create a
dangerous fire hazard in a sewage treatment plant.

STORM WATER

Storm water should be excluded from the
sewage collection system as much as possible.
Heavy input of storm water can disturb the opera-
tion of a treatment plant by sending it too much
water, a problem called hydraulic overloading.

This situation may force diverting or bypassing
effluent from the treatment plant. Bypassing is
normally a violation of National Pollutant
Discharge Elimination System (NPDES) permits.
These permits are controlled by the Environ-
mental Protection Agency (EPA). Bypassing can
result in releasing bacteria, heavy metals, and
other dangerous contaminants into receiving
waters. It is to be avoided whenever possible.

Very large paved or roofed areas should not
be drained into the sanitary collection system.
Maintenance personnel should prevent storm-
water infiltration as much as possible by
ensuring manholes are sealed, pipes are not
cracked or broken, and all leaking joints are
repaired.

SOURCE QUANTITY VARIABLES

Each military installation has different
wastewater flows depending upon the types or

Table 10-1.—Characteristics of Typical Wastewater Generated at Military Facilities

measured in milliliters per liter (mi/l).

Parameter Weak Medium Strong
Total solids 330 700 1,200
Total volatile solids 240 420 810
Suspended solids 100 200 400
Total dissolved solids 230 500 800
Volatile suspended solids 70 130 220
Settleable solids* 2 4 6
Biochemical oxygen demand (5 day) 100 200 400
Total nitrogen as N 10 20 40
Ammonia nitrogen as N 4 10 20
Total phosphorus as P 6 10 20
Grease 50 100 150
Chemical oxygen demand 300 450 600

*All the above are measured in milligrams per liter (mg/l) except settleable solids, which are
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sizes of industrial activities. Normally, 80 to 120
gallons per day per permanent resident and 30 to
50 gallons per day per transient and community
labor personnel can be used as a rough volume
estimate for flow.

PATTERNS OF FLOW

The amount of wastewater a treatment plant
receives fluctuates from hour to hour. Changing
seasons also affect the pattern flow. Peak flow of
domestic wastes normally reaches a plant just after
breakfast and for several hours in the early even-
ing. Industrial wastes may reach the plant during
the industry’s period of operation. If the industry
has two or three shifts, flow will be more constant.

The size and topography of the area served
by a treatment plant also affects the flow pattern.
Small plants may have large differences between
peak and low flow periods. Larger plants
normally have more uniform rates of flow. The
period of lowest flow is usually between 2400 and
0500 hours. Unusual flow patterns help operating
personnel identify and correct abnormal surges
in flow in the wastewater system.

CHARACTERISTICS OF SEWAGE

Sewage is composed of many materials that
are broken down into three general areas. These
areas are the physical, chemical, and biological
characteristics of wastewater. This section will aid
you in identifying these various characteristics.

WASTEWATER COMPOSITION

The concentrations of most materials in
wastewater are expressed in milligrams per liter

(mg/l) and denote the strength of the wastewater.
The higher the concentration, or mg/l, the higher
the strength.[Table 10-1] lists the most important
materials that compose wastewater.

PHYSICAL CHARACTERISTICS

The physical characteristics of wastewater in-
clude those items that can be detected using the
physical senses. They are temperature, color,
odor, and solids.

Temperature

The temperature of wastewater varies greatly,
depending upon the type of operations being
conducted at your installation. Wide variation in
the wastewater temperature indicates heated or
cooled discharges, often of substantial volume.
They have any one of a number of sources. For
example, decreased temperatures after a snowmelt
or rainfall may indicate serious infiltration.
Changes in wastewater temperatures affect the
settling rates, dissolved oxygen levels, and
biological action. The temperature of wastewater
becomes extremely important in certain
wastewater unit operations such as sedimentation
tanks and recirculating filters.

Color

The color of wastewater containing dissolved
oxygen (DO) is normally gray. Black-colored
wastewater usually accompanied by foul odors,
containing little or no DO, is said to be septic.

provides wastewater color information.

Table 10-2—Significance of Color in Wastewater

Green, Yellow,
Other

Red or other
soil color

Black

Unit Process Color Problem Indicated
Influent of Gray None
plant
Red Blood or other industrial wastes or TNT complex

Industrial wastes not pretreated (paints, etc.)

Surface runoff into influent, also industrial flows

Septic conditions or industrial flows
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Odor

Domestic sewage should have a musty odor.
Bubbling gas and/or foul odor may indicate in-
dustrial wastes, anaerobic (septic) conditions, and
operational problems. Refer to[table 10-3| for
typical wastewater odors, possible problems, and
solutions.

Solids

Wastewater is normally 99.9 percent water and
0.1 percent solids. If a wastewater sample is
evaporated, the solids remaining are called total
solids.

The amount of solids in the drinking water
system has a significant effect on the total solids
concentration in the raw sewage. Industrial and
domestic discharges also add solids to the plant
influent. There are many different ways to

classify solids. The most common types are
dissolved, suspended, settleable, floatable,
colloidal, organic, and inorganic solids.

Part of the total solids is dissolved in
wastewater. Much like sugar dissolves in coffee,
many solids dissolve in water. Dissolved solids
pass through a fine mesh filter. Normal
wastewater processes using settling or flotation
are designed to remove solids but cannot remove
dissolved solids. Biological treatment units such
as trickling filters and activated sludge plants con-
vert some of these dissolved solids into settleable
solids that are then removed by sedimentation
tanks.

Those solids that are not dissolved in
wastewater are called suspended solids. When
suspended solids float, they are called floatable
solids or scum. Those suspended solids that
settle are called settleable solids, grit, or sludge.
Very small suspended solids that neither float nor

Table 10-3.—0Odors in Wastewater Treatment Plant

Odor Location Problem Possible Solutions
Earthy, Musty Primary and No problem None required
Secondary Units (Normal)
Hydrogen sulfide Influent Septic Aerate, chlorinate,
(H2S), “Like oxonizate
rotten eggs”
Primary Clarifier Septic Sludge Remove sludge
Activated Sludge Septic More air or less BOD,
Aeration Tanks Conditions recirculation rate,
Trickling Filters (Anaerobic) HTH, flood
Secondary Remove sludge and/or
Clarifier grease
Chlorine Contact Remove sludge
Tank
General Plant Good housekeeping
Chlorinelike Chlorine Contact Improper Adjust chlorine
Tank chlorine dosage controls
dosage
Industrial Odors General Plant Inadequate Enforce sewer use
pretreatment regulation
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settle are called colloidal particles. Colloidal
particles are often removed in the biological treat-
ment units. They may also be removed by
chemical treatment followed by sedimentation.

All the solids discussed above may be either
organic or inorganic. Organic solids always con-
tain carbon and hydrogen and when ignited to
high temperatures (500°C to 600°C) burn to form
carbon dioxide, water, and sometimes various
other compounds. The burning or volatilization
of organic solids has led to the term volatile solids.
All solids that burn or evaporate at 500°C to
600°C are called volatile solids. These solids serve
as a food source for bacteria and other living
forms in a wastewater treatment plant. Most
organic solids in municipal waste originate from
living plants or animals.

Those solids that do not burn or evaporate at
500°C to 600°C, but remain as a residue, are
called fixed solids. Fixed solids are usually
inorganic in nature and may be composed of grit,
clay, salts, and metals. Most inorganic solids are
from nonliving sources. [Table 10-4]summarizes
the types and amounts of the solids discussed in
the preceding paragraphs.

CHEMICAL CHARACTERISTICS

The chemical characteristics of wastewater of
special concern to the Utilitiesman are pH, DO
(dissolved oxygen), oxygen demand, nutrients,
and toxic substances.

pH

The term pH is used to describe the acid or
base properties of water solutions. A scale from

Table 10-4.-Solids of a Typical Domestic Wastewater

| ORGANIC VOLATILE
[ > 400 MG/1
DISSOLVED SOLIDS
.— -TAN Y7ol )
- JUU Ma/ 1
[ INORGANIC FIXED
300 MG/1
o SETTLEABLE
[ > 140 MG/1
ORGANIC VOLATILE
260 MG/1
l o NON-SETTLEABLE
- 120 MG/1
INFLUENT TOTAL SOLIDS
> 1,000 MG/1 4
SUSPENDED SOLIDS
> 300 MG/1
WASTEWATER
99.9% WATER
0.1% SOLIDS ‘
MG/1 = PPM
SETTLEABLE
[ > 30 MG/1
INORGANIC FIXED
40 MG/1
l » NON-SETTLEABLE
10 MG/1
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0 to 14 has been established where pH value
of 7 is neutral. A pH value less than 7 is
acidic. A pH value above 7 is alkaline or
basic. [Table 10-5] lists pH values for some
common materials. A pH value less than 7 in
the wastewater plant influent may indicate
septic conditions of wastewater. The pH
values less than 5 and more than 10 usually
indicate that industrial wastes exist and are
not compatible with biological

Table 10-5.

MIDPOINTS OF pH RANGES
FOR PROCESS CONTROL

wastewater operations. Pretreatment of these
wastes at the source is usually required since
extreme pH values may damage biological
treatment units.

Dissolved oxygen

Dissolved oxygen (DO) in wastewater has a
great effect on the characteristics of the water.

—Common Substance pH Values

pH VALUES OF SOME
COMMON SUBSTANCES

ALKALINE ——={ 14 -
— -
COPPER PLATING — 13 —
WASTES = BLEACH
— 12 - (1% OR MORE)
— -
- —
BRASS PLATING ——af— = AMMONIA
WASTES — || = (AMMONIUM HYDROXIDE)
— =
LIME SODA — 10 =
WATER SOFTENING ——=f— 3
WASTES — 9 ._]
— 3 BAKING SODA WASTE
P iy - B WATER IN
— Y THIS RANGE
WASTEWATER — 3 BLOOD REQUIRES NO
T I E - PRETREATMENT
REATMENT — 7 DISTILLED WATER | AT SOURCE
BREWING PROCESS — p
WASTES — L 6 =
NICKEL PLATING ——ef— -
WASTES -y 3
FOOD PROCESSING — 5 —
WASTES - —
PICKLE PROCESSING ——af— 3
PHOTOENGRAVING ——e{— -
WASTES — 3 —
— —
— —
— | J
— —
- —
ACID E_ o BATTERY ACID
—
pH SCALE

pH INDICATES HYDROGEN ION CONCENTRATION (ACIDITY) IN WATER
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Wastewater that has DO is called aerobic or fresh.
Aerobic raw sewage is usually gray in color and
has a musty odor.

Wastewater that has no DO is called anaerobic
or septic. Anaerobic raw sewage is usually black
and has an offensive hydrogen sulfide or rotten
egg odor.

Oxygen Demand

Oxygen demand is the amount of oxygen
used by bacteria and other wastewater organisms
as they feed upon the organic solids in the
wastewater. Chemical tests such as the BOD
(biochemical oxygen demand), the COD (chemical
oxygen demand), the ODI (instantaneous oxygen
demand or oxygen demand index), and the TOC
(total organic carbon) measure the “strength” of
sewage. These tests are discussed in detail later
in this chapter. It is important that organic wastes
be removed to protect the receiving body of water
into which the wastewater plant is discharging.

Sludge deposits, odors, and fish kills may occur
if removal is not adequate.

Nutrients

Nutrients are life-supporting nitrogen and
phosphorus. They stimulate excessive growths of
algae and other aquatic plant life. They are always
present in domestic wastewaters and are not
removed during conventional primary and
secondary treatment. Removal is accomplished by
processes in addition to normal wastewater treat-
ment or tertiary treatment, when specific reuse
requirements require it.

Toxic Chemicals

Most military and industrial installations
use various types of toxic chemicals, the dis-
charges of which can be harmful to wastewater
treatment processes. These toxic chemicals should
be pretreated or removed before the waste-
water enters the collecting system.[Table 10-6l

Table 10-6.—Chemicals and Discharges Commonly Found at Military Installations

Physical

Chemical

Biological

Solids from:

Photo Lab

Fiber—(Bacterial Slime)
Misc. Solids (Trash)
Grit—Rocks—Sand
Color—Dyes
H,S—Metal Sulfides

Salts—Alum

Gases—SO2 (H2S)
C12
Ozone—02

Germicides

Ketones

Detergents

Carbon—Spent

Polymers
Polyelectrolytes

Heavy Metals (in solution)
Chrominum, Nickel, Lead
Paint Zinc, Copper, Iron Oxide
Chlorine, Aluminum, Mercury

Sandblasting Cyanides Algae—Green and Blue-green
Grease—Valve, etc. Phenols Snails and Clams
(oils) Acids—Sulfuric, Hydrochloric, Nitric Viruses
Cutting Oils (H2S04) (HCL) (HNO,)
Heavy Metals—Cr(OH)3 Base—Caustic Soda (NaOH)
Rust (Oil) Lime—Ca(OH)2

Quick Lime-CaO
Brine—Sodium Chloride (NaC1)

Copper Sulfate
Ship Chemicals—Cleaning

Pesticides—Soln (Solid Waste)
Solvents—Refrigerants
Ethylene Glycol Diethyl Ether

Adhesives and Resins
Grinding and Polishing Compounds

Bentonite and Coagulant Aids (Clays)
Diatomaceous Earth

Iron Chlorides, Ferric and Ferrous
Chlorides or Sulfates

Bacteria—Fecal Coliforms

Iron and Sulfur Bacteria

Special Slimes, Fungi, and
Oil Related Growth




lists several examples of these types of
wastes.

BIOLOGICAL CHARACTERISTICS

The three biological organisms present in
wastewater are bacteria, viruses, and parasites.

Bacteria

Sewage consists of vast quantities of bacteria,
most of which are harmless to man. However,
pathogenic (disease-causing) organisms such as
typhoid, dysentery, and other intestinal disorders
may be present in wastewater. Tests for total
coliform and fecal coliform nonpathogenic
bacteria are used to indicate the presence of
pathogenic bacteria. Because it is easier to test for
coliforms, fecal coliform testing has been accepted
as the best indicator of fecal contamination. Fecal
coliform counts of 100 million per 100 milliliters
may be found in raw domestic sewage. Detectable
health effects have been found at levels of 2,300
to 2,400 total coliforms per 100 milliliters in
recreational waters. Disinfection, usually chlorina-
tion, is generally used to reduce these pathogens.
Breakdown or malfunctions of chlorination
equipment will probably result in excessive
discharge of pathogenic organisms and can
seriously affect public health.

Bacteria can also be classified according to
their dissolved oxygen requirement. Aerobic
bacteria are bacteria that require dissolved oxygen
to live. Anaerobic bacteria cannot live if dis-
solved oxygen is present. Facultative bacteria can
live with or without dissolved oxygen.

Viruses

Wastewater often contains viruses that may
produce diseases. Outbreaks of infectious
hepatitis have been traced through water systems
because of wastewater entering the supply.
sedimentation, filtration, and
disinfection, if used efficiently, usually provide
acceptable virus removal.

Parasites

There are also many species of parasites
carried by wastewater. The life cycle of each is
peculiar to the given parasite. Some are dangerous
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to man and livestock, particularly during certain
stages of the life cycle. Amoebic dysentery is a
common disease caused by amoebic parasites.
Chlorination, chemical precipitation, sedimenta-
tion, or sand filtration is used to ensure protec-
tion against parasites.

SEWAGE SAMPLING

Samples of sewage are taken to find out how
well a treatment plant is working and what
operating changes may need to be made, Some
samples show how much the plant is reducing
pollutants like BOD, solids, and so forth. Raw
sewage entering the plant must be tested as well
as the effluent from the plant and the receiving
stream above and below the discharge point to
determine how well the plant is removing
pollutants. Since wastewater flows often change
a great deal, daily sampling is suggested.

REPRESENTATIVE SAMPLING

A sample should be taken in a way that will
represent the wastewater being treated. No
matter how good the lab analysis is, if the
sample was not correctly collected, the lab data
will not be correct. With the large changes in
composition and flow rate, getting a represen-
tative sample can be very hard. Careful thought,
planning, and training must be used to develop
and carry out a good sampling program.

Samples may be taken by hand or auto-
matically. Taking samples by hand may be as
simple as tying an open bottle to a pole that can
be lowered into the wastewater.[Table 10-7|
explains some of the things that should be done
when taking samples by hand. The automatic
samplers may be made by the operator or bought.

GRAB SAMPLING

A grab sample is a single sample of wastewater
taken over a short span of time, usually less than
15 minutes. This type of sample yields data
about the wastewater at one time and place.
The grab sample should be used where the
wastewater does not change suddenly or change
a great deal. For example, grab samples may be
used to determine pH and temperature. Grab



Table 10-7.—Procedures for Manual Wastewater Sample Collection

Procedures

Special Cautions

1. Samples should be taken where wastewater
is well mixed.

2. Sampling should be done in the center of the
flow channel. To avoid floating scum, the
mouth of the container should be held below the
liquid surface.

3. A representative sample should be taken.

4. When compositing samples into other con-
tainers, the contents of each should be well
mixed before pouring.

5. The sampling containers and sampling devices
should be clean, uncontaminated, and suitable
for the planned analysis.

6. Sampling places should be easy to reach
and safety precautions should be observed.

1. Weirs are not good sampling points since
settling of solids is enhanced upstream and
greases and oils build up downstream from the
weir.

2. Solids often build up near the sides and
bottom of the flow channel.

3. Raw wastewater should be sampled after
screening and grit removal. Deposits or
nonrepresentative materials such as grease or
scum should be excluded from the sample.
Particles larger than 0.25 inch (6 mm) in diameter
should be excluded.

4. If dissolved gases or volatile substances are
to be tested, turbulence may be produced by
gentle stirring.

5. Before the sample is taken, the container
should be rinsed several times with the waste-
water.

6. Proper sampling equipment should be
available.

samples are also used when a batch dump or
sludge discharge is seen.

COMPOSITE SAMPLES

A composite sample yields data about the
wastewater over a longer span of time. A series
of grab samples may be taken over a certain
amount of time and combined to form a com-
posite sample. These samples should show the
time and frequency of the sample; for example,
an 8-hour composite of 30-minute grab samples.
The composite sample is used to find BOD, COD,
suspended solids, and nutrients.

FLOW-PROPORTIONAL SAMPLES

The composite may be flow proportional. For
this type of sample, the volume of the sample

changes in proportion to the flow. The flow-
proportional composite sample is most often run
for 24 hours with a 2-hour interval between each
collection. To collect this kind of sample, the
volume needed for the tests and the average
daily flow for the plant must be known.[Tabld
[10-8 $hows the volumes required for some tests.
The following formula may be used to find the
volume of sample to be taken at each interval.

Flow at
sampling time
Average flow

Total sample size
Number of samples

Liters required =

For example, to collect an 8-hour composite
sample with a 2-hour interval, five samples would
be needed. If a total sample of 2 liters was needed,
the average daily flow was 60,000 gallons (227
cubic meters), and the flow at the first sample time
was 45,000 gallons per day (170 cubic meters),



Table 10-8—Recommendation for Sample Volume and Preservation of Sample

Type Vol. Holding
Measurement of Req. Container Preservative Time
Sample (ml)
Acidity G* 100 P, G** Cool, 4°C*** 24 hr
Alkalinity G 100 P, G Cool, 4°C 24 hr
Arsenic pC* 100 P, G HNO3to pH 2 6 mo
BOD PC 1,000 P, G Cool, 4°C 6 hr
Bromide G 100 P, G Cool, 4°C 24 hr
CoD PC 50 P, G H2SO4to pH 2 7 days
Chloride G 50 P, G None req. 7 days
Chlorine G 50 P, G Cool, 4°C 24 hr
Color G 50 P, G Cool, 4°C 24 hr
Cyanides 500 P, G Cool, 4°C 24 hr
NaOH to pH 12
Dissolved Oxygen
Probe G 300 G only Det. on site No holding
Winkler G 300 G only Fix on site No holding
Fluoride G 300 P, G Cool, 4°C 7 days
Hardness G 100 P, G Cool, 4°C 7 days
lodine G 100 P, G Cool, 4°C 24 hr
MBAS G 250 P, G Cool, 4°C 24 hr
Metals
Dissolved PC 200 P, G Filter on site 6 mo
HNOs3to pH 2
Suspended PC Filter on site 6 mo
Total PC 1,100 HNOs3to pH 2 6 mo
Mercury
Dissolved PC 100 P, G Filter 38 days
HNO3to pH 2 (glass)
13 days

(hard plastic)
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Table 10-8.—Recommendation for Sample Volume and Preservation of Sample—Continued

Type Vol. Holding
Measurement of Req. Container Preservative Time
Sample (ml)
Nitrogen
Ammonia G 400 P, G Cool, 4°C 24 hr’
H2SO4to pH 2
Kjeldahl PC 500 P, G Cool, 4°C 24 hr’
H2S 04 to pH 2
Nitrate PC 100 P, G Cool, 4°C 24 hr’
H2SO4to pH 2
Nitrate G 50 P, G Cool, 4°C 24 hr*
NTA PC 50 P, B Cool, 4°C 24 hr
Oil & Grease PC 1,000 G only Cool, 4°C 24 hr
H2SO4to pH 2
Organic Carbon PC 25 P, G Cool, 4°C 24 hr
H2SO4to pH 2
pH G 25 P, G Cool, 4°C 6 hr
Det. on site
Phenolics G 500 G only Cool, 4°C 24 hr
H3POsto pH 4
1.0 g CUSO04/1
Phosphorus
Ortho- G 50 P, G Filter on site 24 hr*
phosphate, Cool, 4°C
dissolved
Hydrolyzable G 50 P, G Cool, 4°C 24 hr’
H2S 04 to pH 2
Total PC 50 P, Cool, 4°C 24 hr’
Total, PC 50 P, G Filter on site 24 hr*
dissolved Cool, 4°C
Residue
Filterable PC 100 P, G Cool, 4°C 7 days
Nonfilterable PC 100 P, G Cool, 4°C 7 days
Total PC 100 P, G Cool, 4°C 7 days
Volatile PC 100 P, G Cool, 4°C 7 days
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Table 10-8.—Recommendation for Sample Volume and Preservation of Sample—Continued

***4°C = 4 Celslus. ****PC =
*If samples cannot be returned to the lab in less
than 6 hours and holding time exceeds this limit,
the final reported data should show the actual
holding time.

*Mercuric chloride may be used as an alternate
preservative at a concentration of 40 mg/1,
especially if a longer holding time is requried.
However, mercuric chloride should not be used
if something better is available.

Type Vol. Holding
Measurement of Req. Container Preservative Time
Sample (ml)
Settleable Matter PC 1,000 P, G None req. 24 hr
Selenium PC 50 P, G HNO3to pH 2 6 mo
Silica PC 50 P only Cool, 4°C 7 days
Specific G 100 P, G Cool, 4°C 24 hr’
Conductance
Sulfate PC 50 P, G Cool, 4°C 7 days
Sulfide G 50 P, G 2 ml zinc 24 hr
acetate
Temperature G 1,000 P, G Det. on site No holding
Threshold Odor G 200 G only Cool, 4°C 24 hr
Turbidity G 1,000 P, G Cool, 4°C 7 days
*Type G sample = Grab. **P, G = Plastic or Glass.

Proportional Composite.

*1f the sample is stabilized by cooling, it should
be warmed to 25°C for reading, or temperature
correction made and results reported at 25°C.

Note: It has been shown that certain samples
properly preserved may be held beyond the
recommended holding time. Consult designated
authority.

then the milliliters required for the first sample
could be figured like this:

45,000 gal/day 2 liters
60,000 gal/day = S samples

170 cubic meter/day % 2 liters
227 cubic meter/day = 5 samples

Liters required

Liters required

1]

Liters required = .30

Milliliters required = 300

NOTE: 264 gallons = 1 cubic meter (m?)
Gallons x 0.003785 = cubic meters (m?)
1 liter = 1,000 milliliters
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SAMPLE STOWAGE

To get the best results, samples should
be analyzed as soon as possible after they
are collected. Some tests, such as DO, temper-
ature, and pH must be performed at the time
of collection since the results can change
while the sample is being carried to the lab.
Some other tests may be delayed if the sample
is properly stored. The most common means
of preserving a sample is to cool it to 2°C to
10°C.[Table 10-8] shows some ways to preserve
the sample.



Table 10-9.—Important Laboratory Tests

Test to be Sampling Point Recommended Means Recommended
Performed of Collection Frequency of
Collection
Settleable Solids 1. Influent Grab or Composite Daily
2. Final effluent
Suspended Solids 1. Influent Proportional Composite Weekly
2. Final effluent Weekly
BODsor COD 1. Influent Proportional Composite Weekly
2. Effluent
3. Stream—above
& below dis-
charge
Dissolved Oxygen 1. Influent Grab Daily
2. Final effluent
3. Stream—above
& below dis-
charge
pH Grab Daily
Fecal Coliform Final Effluent Grab Weekly
Alkalinity 1. Final effluent Proportional Composite Daily
2. Digester or Grab
Chlorine Residual Final effluent Grab Daily
(at least)

IDENTIFYING SAMPLES

After the sample is collected, it should be
identified with a label. The label should include
the following information:

® Where the sample was taken
® The date and time of collection

® The type of sample (grab or composite
with the appropriate time and volume
information)

® Anything that might change before
laboratory testing such as temperature, pH, and
appearance

® The initials or name of the person who
took the sample

SEWAGE TESTING

Laboratory reports are useful in the operation
of a wastewater treatment plant. The operator can
use laboratory test results to keep the plant work-
ing at its best and to give early warning of
operating problems. Laboratory testing programs
vary with the type of treatment, size of the plant,
local water quality requirements, and the NPDES
permit requirements. Some of the most common
laboratory tests for wastewater treatment plants
are shown in They are discussed later
in this chapter. Laboratory tests required by
NPDES are determined for each treatment plant

10-13
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Figure 10-1.—Illustrations of laboratory apparatus.

and are cited in the discharge permit. The normal
procedures for these tests are given in the Standard
Methods for the Examination of Water and
Wastewaters and the Methods of Chemical Analy-
sis of Water and Wastes published by the EPA.

LABORATORY EQUIPMENT

Examples of the various types of laboratory

equipment are shown i . In order for

the operator to conduct accurate sewage tests, the
laboratory must be equipped with a minimum of
equipmeht. Table 10-10 lists the types of equip-
ment needed for some of the basic laboratory
tests.

The operator should always maintain (his
equipment in a high state of repair and cleanliness,
Any contamination of the test equipment may
adversely affect the results. Refer to the
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Figure 10-1.—lllustrations of laboratory apparatus—Continued.

manufacturer’s instructions for the proper
maintenance procedures for each piece of equip-
ment.[Table 10-11] gives some basic guidelines for
the maintenance and use of various types of
laboratory equipment.

Safety should be vital to all personnel conduc-
ting sewage tests. Good housekeeping is essential
in a laboratory to prevent mishaps and damage
to expensive equipment. Each piece of equipment
should be cleaned and returned to its proper place
after being used.

When conducting sewage tests, it is always
wise for the operator to avoid actual contact
of the hands with the sewage samples or
other filth. Hands must be kept out of the
nose, mouth, and eyes. It is particularly
important to use gloves when the hands are
chapped, or burned, or the skin is broken
from any wound. Operators should thoroughly
wash their hands with plenty of soap and hot
water before eating.
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DISSOLVED OXYGEN TEST

The DO test finds the milligrams per liter
(mg/l) of oxygen that is dissolved in water or
wastewater. Oxygen exists as a gas and can
dissolve in water in only a limited amount. Pure
water at 20°C at sea level can hold a maximum
of 9.17 mg/l of DO. Raising the temperature, salt
content, or altitude will lower the DO level in the
water. An important thing to remember is that
this test should be run as soon as possible after
the sample is taken. It must always be run as a
grab sample. It is best to test several samples taken
at different times during the day because the DO
content of wastewater may vary. If incoming
wastewater has no DO, it is septic. Most
wastewater treatment plants are not built to treat
septic wastewater. A great deal of plant and
animal life that lives in water and wastewater,
including necessary microorganisms, needs DO
just as we need oxygen from the air. If the DO
is used up, aerobic organisms will die and the
water will become anaerobic or septic and foul



Table 10-10.—Types of Equipment Needed for Various Laboratory Tests

EQUIPMENT NEEDED*

Falas STnG al fa a1 "—-‘v—r

CONSTITUENTS TO
BE ANALYZED

Condenser/Extract. Eq.
DO Meter & Probe

Autoclave
Carb. Adsorp. Unit

Amperometric Titrat.
Desiccator

103 °C Drying Oven
Analytical Balance

600 °C Muffle Furnace
Imhoff Cone

Atomic Absorption
35°C Incubator
Gas Analyzer

Steam Bath
Turbidity Meter

pH Meter
Lamotte Kit
BOD Incubator
Vacuum Pump
Hot Plate
Kjedah! Unit
Magnetic Stirrer
Blender

Spectrophotometer
Stirring Equip.

Total Org. Carb. Analy

Purity Meter

Vibrating Shaker
Water Still

Volatile Solids
Total Solids
Settleable Solids
pH

Total Sulfides

(-]
e o

o

-]

BOD
COD
Suspended Solids
Dissolved Oxygen
Chiorine Residual

(=]
o
)

MPN Coliform**
Volatile Acids
Alkalinity

Gas Analysis

Grease

(-]
-

Total Organic Carb.
Turbidity

Volatile SS

Total Phosphorus
MBAS***

]

Sludge Filterability
Ash Analysis

Jar Test

Apparent Density

(=]
©

Isotherms

Ammonia Nitrogen
Organic Nitrogen
Nitrate Nitrogen
Heavy Metals

]
-]

*The equipment needed is subject to plant size and complexity of processes and the degree of control required.

**MPN = Most probably number

***Methylene Blue Active Substance
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odors will develop. If this occurs, you should
check for flow problems within the sanitary
system upstream of the treatment plant.

HYDROGEN ION CONCENTRATION
(pH VALUE) TEST

The measure of acidity or basicity (alkalinity)
of something is called the pH. The effect of pH
on some parts of wastewater treatment makes it
an important test. A low pH of domestic
wastewater may mean that the wastewater is
septic, or it can mean that industrial or commer-
cial acid wastes are entering the system. A pH of
6.5 to 8 is about right for treatment plant influent.
Test results showing a very high or low pH may
mean someone is breaking sewer use regulations.
Sudden changes of 0.5 or more on the pH scale
may mean that operating problems are starting.
Grab samples should be taken for pH tests.

SETTLEABLE SOLIDS TEST

The settleable solids test on wastewater can tell
the operator a lot about what kind of wastewater
is coming into the plant and how the solids are
settling. Also, the settleable solids test can help
the operator estimate the volume of sludge to be
expected in the clarifier.

Either grab or composite samples will work
for this test. The test is done using an Imhoff
cone. The Imhoff cone can be either
glass or plastic. It can hold 1 liter and is marked
off in milliliters (ml).

Before running the test, you should allow the
sample to settle for 45 minutes. After 45 minutes,
you should run a glass or plastic rod gently down
the inside of the cone and turn it to loosen solids
clinging to the sides. Settling should then continue
for another 15 minutes. The depth of the solids
in the bottom is then read from the scale and
recorded as milliliters of settleable solids per liter
of wastewater.

ACTIVATED SLUDGE
SETTLEABILITY TEST

The settleability test is often used with all kinds
of activated sludge plants to find the amount of
solids in aeration units. The results help the
operator to decide when to waste sludge and to
find the rate of sludge return. The activated sludge
settleability test can be run in a 1,000 ml graduated
cylinder or in any clear, widemouthed container.
The container should be ruled off into 10 units
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such as centimeters, milliliters, or inches. The
sample is poured into the cylinder or jar up to the
top mark and allowed to settle. Readings are taken
from time to time to find settling rates. The
sample should be allowed to settle for about 30
minutes.

FIVE-DAY BIOCHEMICAL OXYGEN
DEMAND (BODs) TEST

The BODs test is the most important test for
finding the polluting strength of a wastewater. It
is the most widely used way to check how the
treatment plant is running. The BODs test
indirectly measures the amount of organic
material in the sample. Either grab or composite
samples may be used for this test.

NPDES permits often state that influent and
effluent flow-proportional composite samples be
taken for the BODs test. Normal domestic
wastewater coming into the plant should be in a
200 to 300 mg/l BODs range. The effluent must
comply with the plant's NPDES permit.

To run the test, the amount of oxygen is
measured in a portion of diluted wastewater, and
another portion like the first one is stored at 20°C
for 5 days. The glass bottles shown in[figure 10-1]
are used for this test. During the 5 days, the
microorganisms eat the organic matter in the
wastewater and use oxygen at the same time. At
the end of 5 days, the amount of oxygen con-
sumed by the microorganisms times the dilution
factor of the sample gives the sample’'s 5-day
BOD. The dilution factor is the number of
milliliters of dilution water added to a given
number of milliliters of sample.

CHEMICAL OXYGEN DEMAND
(COD) TEST

Like the BODs test, the chemical oxygen
demand (COD) test finds the amount of oxygen
required to consume the organic matter in a
wastewater sample. The COD test does not
measure the amount of oxygen used by the
microorganisms. It uses a strong, chemical con-
centrated sulfuric acid silver sulfate solution. It
is a good operating control test because the results
can be obtained in as little as 1 hour. COD test
results are equal to or greater than BODs test
results. The chemical used in the COD test attacks
more organisms in the wastewater than the slower
BODs organisms. BODs data can often be related
to COD data by a multiplying factor. For in-
stance, the 200 to 300 mg/l BODs of normal



wastewater influent is about two-thirds of its usual
300 to 450 mg/l COD value. If such a factor can
be figured for a certain kind of wastewater, COD
data can be used to predict BOD 5 test results that
will not be known for 5 days.

TOTAL SUSPENDED SOLIDS TEST

Total suspended solids are those solids in
wastewater that can be taken out with a filter
having a specified pore size. Suspended solids are
made up of settleable solids and nonsettleable
solids. Suspended solids tests can be run with
either grab or composite samples, but flow-
proportional composite samples are the best for
this test. Influent wastewater may have as much
as 400 mg/l of suspended solids.

MIXED LIQUOR SUSPENDED
SOLIDS (MLSS) TEST

The suspended solids test that is run on the
aeration tank mixed liquor is called the mixed
liquor suspended solids test or MLSS test. It is
used as a control test to help find out whether to
increase or decrease the rate of sludge return and
when to waste sludge. The very high solids con-
tent of mixed liquor requires a larger diameter
filter (11 centimeters instead of 2.4 centimeters)
to prevent rapid clogging.

CHLORINE RESIDUAL TEST

When chlorine is used to disinfect the effluent,
tests are needed to see if the chlorine residual
requirement has been met. The chlorine residual
test may be run using the iodometric or
amperometric methods. Since grab samples are
used for these tests, most states suggest that the
test be run within 30 minutes after taking the
sample.

FECAL COLIFORM TEST

The fecal coliform test is an indicator of
harmful bacteria in the wastewater. Both the
membrane filter and most probable number
(MPN) can be used to run the test. If the sample
is not prepared for the test on the site, it should
be cooled to 4°C within 30 minutes and then tested
within 6 hours.

ALKALINITY

The alkalinity test can tell the operator a lot
about the wastewater in the plant. A very high
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alkalinity in the wastewater may mean that an
alkaline industrial waste has entered the system.
The alkalinity test is often used to see how the
anaerobic sludge digesters are working. The
alkalinity in treatment lagoons usually goes down
as the lagoon becomes septic. The alkalinity
usually shows a 20 to 30 mg/l change before there
is a change in pH.

LABORATORY RECORDS

Records can be used to find the best operating
controls for a wastewater plant, problems that
might arise in the plant, and the future needs of
the plant. Records may also be used in court if
a lawsuit is filed against the treatment plant.

The treatment plant should keep three kinds
of records. These three types are physical records
that describe in detail all areas of the plant itself,
maintenance records that show what repair and
cleaning has been done or needs to be done, and
performance records that show the plant’s
operating data.

Physical records include operation and
maintenance (O&M) manuals, actual plans and
blueprints for the plant, shop drawings, O&M
guides from equipment manufacturers, costs for
all units, a hydraulic profile showing the height
of water in all treatment units, and an equipment
record. Under Public Law (PL) 92-500, consulting
engineers are required to provide operation and
maintenance (O&M) manuals for the treatment
plants they design. These O&M manuals must
meet the requirements of Considerations for
Preparation of Operation and Maintenance
Manuals, EPA, Washington, D.C., 1974.

Preventive maintenance in the treatment plant
can reduce costly repairs and downtime on equip-
ment. One of the key steps in a good maintenance
program is keeping records. These records include
the data needed to make a maintenance schedule,
to estimate a maintenance budget, and to build
up enough spare parts.

A record of all equipment in the plant must
be made. This can be done on index cards. Each
piece of equipment should be given a number
based on where it is located in the plant. This
number is written on an index card with the name
of the equipment, where it is located in the plant,
the name and address of the manufacturer or
supplier, the cost, and when it was installed. The
card should also have the type, model, serial, and
any other code numbers, along with the capacity
or size rating. The same card or another set of
cards should include the type of maintenance



required and how often it is needed; the special
lubricants or coatings needed; and a record of all
work done on the unit, including the labor, parts,
and total cost. This data should be considered
when planning to buy new equipment and mak-
ing a maintenance schedule.

Making a maintenance schedule requires
careful thought. Good records can serve as a
guide. Some large treatment plants now use a
computer to plan maintenance schedules and keep
records up-to-date. Preventive maintenance
should be scheduled so it can be done during good
weather and not during times of peak load at the
plant. Also, the schedule must leave time for
repair work. A large chart showing what needs
to be done daily, weekly, monthly, quarterly,
semiannually, and annually can help in setting up
a work schedule.

A spare parts inventory should be established.
Many spare parts must be ordered several days
or weeks before they are delivered. These spare
parts should be stocked at the treatment plant so
the plant won't have to be shut down until the
part arrives. A list or inventory of spare parts
makes reordering simpler. A written record of
parts used and replaced should be kept. The
operator should record the date an item was
ordered, the date delivered, its cost, and the name
of the supplier, each time a part is ordered and
delivered.

In addition to the above records you must also
maintain performance records. There are three
types of performance records. These are the
laboratory records, operator’s log, and NPDES
forms.

A complete set of laboratory records should
be kept for all laboratory tests. The laboratory
record should have the date and time the sample

was taken, the method used to take the sample,
the name of the person who took the sample,
where the sample was taken, the test performed
on the sample, and the results of the laboratory
test. These records should be kept in a bound
notebook so they can be used as a part of legal
testimony about the operation of the plant if need
be. A monthly or quarterly report is also required
at most plants.

A monthly report is required for all
wastewater plants on a military installation. Since
no two treatment plants are exactly the same, the
operator will find that a special log designed for
the treatment plant is helpful. The operator should
report on special features of the treatment plant
under the blank columns in the log. Operators at
each treatment plant are required to complete the
log. Navy plant operators use the Wastewater
Treatment Plant Operating Record, NAVFAC
11340/1 (6-75).

Finally, every treatment plant that discharges
to a body of water must get an NPDES permit
from the EPA or the designated state agency. The
permit lists standards for the effluent, tests re-
quired, how often the tests must be run, and the
sampling method of each test. The treatment plant
must submit a monthly or quarterly report to the
EPA or the designated state agency with all the
laboratory tests required by the permit. These
reports and laboratory records must be kept for
at least 3 years.

Use performance records to check the plant.
The performance records at a treatment plant can
provide good process control data to the operator.
Results of laboratory tests that differ a lot from
previous records may show an equipment
breakdown, an industrial waste discharge, or a
break in the collection system.[Table 10-12]shows

Table 10-12.—Variations in Performance and Some Common Causes

Variation Possible Cause

Solution

BODs (or COD):
Increase

Increased organic loading,

dustrial expansion.

Septic influent.

Population growth. Im-

Septic conditions in treat-

ment plant units.
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Identify source of increase. If overloading is
permanent, adjust treatment plant processes for
maximum efficiency. Require adequate pretreat-
ment. Enforce sewer use regulations if violations
are found. Install holding tanks (ponds) if
feasible. Modify or expand treatment units.

Freshen by aeration or chlorination.

Check on detention time and sludge pumping
schedule. See if dissolved oxygen requirements
of aerated units are being met.



Table 10-12.—Variations in Performance and Some Common Causes

Variation

Possible Cause

Solution

BODs (or COD):

Decrease

Suspended
Solids: Increase

Suspended
Solids: Decrease

pH: Increase

pH: Decrease

Decrease in organic
loading.

Wastewater organisms
killed by toxic waste.

Industrial expansion or
population increase.
Changes in industrial
processes.

Collection sewers blocked
(clogged).

Broken or completely
blocked sewer resulting in
bypassing.

Industrial discharge. In-
adequate pretreatment.

Industrial discharge. In-
adequate pretreatment.

Septic influent.
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No problem.

Find source of toxic waste. Require neutraliza-
tion or exclude from treatment facility by
enforcing sewer use regulations. When toxic
waste is found, immediately notify appropriate
military and regulatory authorities. Immediately
seek advice from qualified specialists as to
disposal of toxic waste remaining in the plant.
Disposal after neutralization and/or dilution
may be no problem.

Generally, same procedure as for BODs in-
crease. Unless growth and expansion are the
causes, check pretreatment for operation. Also
check for industrial “dumping.” Enforce sewer
use regulations, if applicable.

Inspect, clean and flush if needed.

Clean and flush sewer if clogged. Repair or
replace if sewer is broken or settled out of posi-
tion. If wastewater is bypassing, treat with
chlorine at once.

Try to find source of alkaline (basic) dis-
charge and require pH adjustment before
discharge to collection system. Check on opera-
tion of pretreatment units.

Try to find source of acidic discharge and
proceed as suggested above.

Check sewers for low velocity (flat grades) and
blockage (clogging). Clean and flush sewers.
Chlorinate if necessary. Check lift station wet
wells for proper detention time (not more than
30 minutes in warm weather). If the cause
cannot be remedied, then freshen the septic
wastewater at the head of the treatment plant
by using aeration and/or chlorine. If the pH
remains too low for satisfactory operation,
adjust by applying alkaline chemical such as lime
or soda ash.



Table 10-12.—Variations in Performance and Some Common Causes—Continued

Variation

Possible Cause

Solution

Wastewater
Flow: Increase

Wastewater
Flow: Decrease

Temperature
Influent:
Increase

Temperature
Influent:
Decrease

Chlorine
Demand:
Increase

Population and industrial
expansion.

Infiltration-Inflow.

Bypassing leakage (ex-
filtration).

Decreased water use.

Discharge of hot wastes.

Infiltration—inflow of
storm water.

Inefficient operation due
to septic conditions, poor
settling, and other
operating problems.

Industrial discharges. Slug
loading or “dumping.”

Chlorine feed equipment
not properly working.

Temperature.
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Consider installing holding ponds or tanks. Con-
sult with industry to prevent “dumping”
during high flow periods. If increased flow is
expected to be continually above treatment plant
design capacity, plant expansion and/or
modifications should be considered.

Check collection system for unauthorized storm
and surface water connections. Enforce sewer
use regulations. Repair or replace broken or
cracked pipes and leaky joints. Raise or provide
good surface drainage for manhole covers in low
areas. Install holding ponds or tanks.

Check collection system for leaks and bypass-
ing. Make necessary repairs. Notify appropriate
regulatory officials at once. Request their advice.

Recirculate enough of the treatment plant
effluent to primary clarifier, trickling filter (or
other unit) to prevent excessive detention time
and provide better operation.

Enforce sewer use regulations if temperature is
high enough to hinder operation.

Locate points of entrance. Repair if needed.
Enforce sewer use regulations, if applicable.

Check on efficiency of each treatment unit. Ad-
just controls to secure maximum efficiency.
Check sludge-pumping schedule and rate, recir-
culation of effluent, aeration rate, trickling filter
operation, and return of digester supernatant.
Check for proper detention time in clarifiers and
aeration tanks.

If possible, secure cooperation of industry in
controlling time and rate of discharging strong
waste.

Check accuracy of dosing equipment. The
problem could be improper dose instead of in-
creased chlorine demand. Find out if chlorine
and wastewater are being properly mixed.

Wastewater with high temperature usually re-
quires more chlorine to satisfy the chlorine
demand.



some changes from normal values and some
causes for these changes.

DISPOSING OF AND MONITORING
SEWAGE EFFLUENTS

The wastewater treatment process includes
taking the solids out of the wastewater, getting
rid of the solids, and getting rid of the treated
wastewater or effluent in a way the federal and
state regulating agencies approve. Sludge handling
and disposal are covered in[chapter 13l This
chapter describes many ways to dispose of plant
effluent.

All plants that discharge an effluent must have
NPDES permits issued by the EPA or by a state
agency for the EPA. Before these permits are
given to the plant, officials make a careful survey
of the water use nearby that might be hurt by the
effluent of the treatment plant. The permit may
list top, bottom, or average limits for some kinds
of pollutions. It may also state in what way the
plant can dispose of its effluent. If the plant does
not meet the limits on the permit, the operator
should contact the regulating agency at once. The
permit can be changed or revoked by the agency.
Sometimes the plant may be allowed to discharge
more than the limit on the permit, but that is up
to the regulating agency. The purpose of the
permit is to protect human health and natural
resources. All operators should know the permit
limits and make every effort to ensure that the
treatment plant complies with them.

EFFLUENT DISCHARGE METHODS

The two major methods of discharging
effluent are continuous discharge and intermit-
tent discharge.

Most treatment plants discharge an effluent
to a receiving water all the time. The effluent may
go to an ocean, gulf, bay, lake, or stream. The
point of discharge may be above or below the
surface of the receiving water. Continuous
discharge is often cheaper than other methods
because it takes less manpower, equipment, and
storage to operate. However, a very good
monitoring program must be used to make sure
toxic waste is not discharged. After a toxic waste
is discharged, there is no practical way to stop or
isolate the toxic substance.

Intermittent discharge means that the effluent
is not discharged all the time, but only from time
to time. This type of discharge requires a place
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to store the effluent. It is not often used at large
plants. But it does work well at lagoons and small
treatment plants that have holding or “polishing”
ponds.

Intermittent discharge lets the operator choose
the time and rate of discharge. A controlled
amount of effluent can usually be discharged
without hurting the quality of the receiving water
if the operator picks the right time for all
discharges. In some cases, the receiving water has
even been improved. Intermittent discharge may
cost more to build, but it does not require as costly
a monitoring program. When there is no dis-
charge, there is no effluent to be tested.

A special type of intermittent discharge is
seasonal discharge. This type of discharge is often
used to protect high-quality streams, especially
during the season when the stream is used a great
deal for recreation. More storage is needed for
seasonal discharge because there are usually
only two discharges, one in spring and one in
autumn. The effluent is discharged under con-
trolled conditions approved by the regulating
agencies.

METHODS OF DISPOSING AND
MONITORING SEWAGE EFFLUENTS

Several methods of disposing of sewage
effluents are used today. All methods must con-
form to the NPDES permit requirements and
must be closely monitored. This section discusses
these methods as well as troubleshooting problems
with sewage effluent quality.

Direct Discharge to Receiving Water

Most treatment plants discharge effluent right
into the receiving water. The abilities of the
receiving water to dilute and accept the effluent
is shown in the NPDES permit limits. The
NPDES permit also considers the use of the
receiving water. The effluent may come from a
final clarifier, a disinfection contact basin, a
lagoon, a polishing pond, or a storage pond.
However, it must pass through some type of out-
fall sewer to the point of discharge.

The outfall sewer may be an enclosed pipe or
an open channel or some of both. It is used to
transport the effluent from the final treatment or
storage unit to the point of discharge. The out-
fall sewer may be built to include cascades or
stairsteps, channels, mechanical aerators, or a
filter bed of coarse rock. The purpose of these
aerators is to increase the DO content of the
effluent.



The NPDES permit requires that certain tests
be made on the effluent on a regular schedule.
Effluent testing may include, but is not limited
to, flow measurement, temperature, BOD or
COD, suspended solids, pH, DO, coliform count,
and chlorine residual. Test results must be
reported to the regulating agency. Along with the
required tests, operators should check the receiv-
ing water, especially on small streams and lakes.
Laboratory tests and visual checks may show that
a problem exists in the receiving water and that
something needs to be done. Plant operators
cannot usually test large rivers, bays, lakes, and
gulfs.

If an effluent containing a toxic substance is
accidentally discharged to a receiving water that
is used downstream as a drinking water supply,
for recreation, or for livestock watering, operators
must call the regulating agency and the
downstream water users at once. Regulating agen-
cies can then help curb the problem, and drink-
ing water suppliers will have enough time to close
their water intake lines until the problem is
stopped. This will also warn people in recreation
areas and give farmers and ranchers time to move
livestock to a safe water supply.

Discharge for Recycling

In some areas where there is a shortage of
water, wastewater effluent is recycled for industry,
recreation, irrigation, and fire control use. Many
industries can use treated wastewater for cooling
and cleaning. Often this is cheaper for the industry
than using potable (drinking) water. Lakes for
fishing and boating have been maintained with
recycled wastewater. Records show that these
man-made lakes are often no more hazardous to
the users than natural lakes. Recycled wastewater
is seldom used as a drinking water supply.

Monitoring of effluent discharged for recycl-
ing is very important. Only by monitoring can the
operator be sure that the effluent is good enough
to be used. Recycling units may include extended
settling and biological stabilization in holding
ponds, sand filtering, and disinfection. Quality
control is a must since the recycled water must
be safe.

Discharge for Land Application
(Irrigation)

Irrigation with wastewater effluent is fre-
quently used in some areas. Before irrigating, it
is necessary to consider the contour of the area
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for irrigation, soil type, ground water table, and
potential damage to water supplies. The joint
EPA/Army manual, EPA 625/1-77-008 Process
Design Manual for Land Treatment of Municipal
Wastewater, provides further guidance on this
subject.

Hillsides and other areas with steep slopes are
not often used for irrigation. Too much runoff
may occur. lIrrigation equipment is harder to
move, control, and maintain. Each area to be used
for irrigation should be surveyed by a qualified
person. Often, areas with slopes on which
normal farm machinery can be used can be
irrigated by a sprinkler system or by a jet or spray
gun. Terracing and contour furrowing help pre-
vent runoff. Flooding, overland flow, and
furrow irrigation may require special work done
to the land. This may include leveling, grading,
ditches, and dikes.

Soil type and structure affect the rate at which
the wastewater can be applied and absorbed.
Average loams and sandy loams absorb and filter
well. Clay and other types of tight soil are not as
good. Deep plowing and chiseling make these soils
better for wastewater irrigation. Very sandy or
gravelly soils have very high percolation or
absorbing qualities. But when these soils are in
contact with the ground water table, pollutants
may get into underground water supplies before
they can be filtered out. Tight, sandy, and gravelly
soils can be improved for absorbing and filtering
by plowing crops under.

Row crops may be watered by furrow, spray,
and/or sprinkler irrigation. Spray irrigation is
used where gravity flow is not practical in all parts
of an effluent disposal plot or field. There should
be gravity flow from one end of the row to the
other. A lot of grading is needed to prepare a field
for furrow irrigation. Long rows without enough
slope will result in boggy parts of the field while
other parts will not get enough water. Furrow
irrigation on steep slopes may cause too much ero-
sion. Operators in charge of this type of irriga-
tion need special skill and experience to make sure
a fairly even amount of water reaches all parts
of the field.

Grass crops are often easy to irrigate. The
grasslands may be pastures, meadows, parks, turf,
or sodded areas of airfields and golf courses. The
amount of water applied and how often it is
applied are not as important as for row crops.
Effluent can be applied to grassland by overland
flow, sprinkler heads, or by jet or spray guns. The
stems, leaves, and roots of the grasses make a
good filter and help prevent rapid runoff. Grasses



and some other plants purify and release to the
air large amounts of moisture when they are grow-
ing. During times of sunny, hot, and dry weather
with strong breezes, as much as 25 percent of the
water applied to the land may evaporate, either
straight from the plants or from the surface of
the soil.

Wooded areas and some wastelands have been
used for effluent disposal. In these areas the
disposal of the treated wastewater is most often
the only reason for applying the effluent since
crops are not grown there. These areas may
absorb and filter the wastewater very well. The
amount of wastewater applied to these lands is
not as important as it is with crop irrigation.

The use of wastewater irrigation for vegetable
and fruit crops that can be eaten uncooked may
be restricted to protect public health. The health
department or local regulating agency should be
contacted before wastewater irrigation is applied
to fruit and vegetable crops.

Wastewater effluent is often held in storage
ponds or basins before it is used for irrigation.
All discharge permit requirements must be met
before the effluent can be used. Wastewater used
on parks, golf courses, and other recreation
areas should be disinfected just before it is
applied. A chlorine contact chamber installed just
upstream of the irrigation should be enough, but
disinfection must meet the rules of the regulating
agencies.

Testing of surface and subsurface water
supplies in the immediate area of irrigation is
important and must not be forgotten. Samples
should be taken from all surface waters exposed
to drainage and seepage of the irrigation water.
Ground water should be tested using samples from
existing wells or from test wells dug for that
purpose. In areas where the water table is only
a few feet below ground level, tests should be run
very often. It is not as hard or as costly to pre-
vent pollution as it is to clean up polluted water.
Qualified laboratory technicians should check the
soil to see if it is being hurt by buildups of toxics
or by too many plant nutrients. Grazing and/or
harvesting crops may help control soil conditions.

There must be enough storage capacity to hold
the wastewater effluent until it is time to irrigate.
The weather, type of soil, and type of crop are
important in finding out how much to apply and
how often to apply it. The wastewater should be
disinfected before it is used for recreation. A
power unit and a pump must be used unless
gravity flow can be used to transport and
distribute the effluent. A lightweight pipe like an
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aluminum alloy or plastic is often used to carry
the wastewater. Quick-coupling joints are needed
so the pipe can be put together and taken apart
easily. Sections of flexible hose are needed for
mobile spray equipment and can also be used for
bends in pipelines carrying the effluent. Valves
are needed to control the amount of flow.
Pressure release or bypass devices are needed to
control pressure. Spray or sprinkler nozzles,
heads, and guns must be able to adapt to the
volume of water to be applied. They must also
be designed to work in the range of water pressure
maintained.

Evaporation and Percolation Basins

Evaporation and percolation basins are used
to dispose of wastewater effluent by letting it
evaporate and by letting it percolate or seep into
the soil. The correct use of these ponds depends
on the area of the basin compared to the amount
and kind of the wastewater effluent to be pro-
cessed. The larger the surface and bottom of the
pond, the faster the wastewater evaporates and
percolates. The climate and kind of soil are
important in finding out whether this type of
disposal can be used in a given area. This kind
of system can be a good and cheap way to dispose
of wastewater effluent.

It is often better to build two basins or one
basin with a dike that separates it into two parts.
After a time, suspended solids will change to
settleable solids and build up in the pores or open-
ings of the soil. Percolation will slow down and
sooner or later will stop. To get the basin back
in working order, it must be drained, dried, and
cleaned. Scars must be cut in the bottom. With
two basins, one can be kept in service while the
other is being restored. The bottoms of the ponds
should be sloped for quick and complete draining.

The berms or dikes must be checked often for
erosion and rodent damage. The dikes and sur-
rounding areas should be mowed often to keep
vegetation at a maximum height of 6 to 10 inches
(15 to 25 centimeters). This will help keep rodents
out of the area. The area should be fenced to keep
out larger animals.

Signs should be built to show that the ponds
are wastewater treatment plants and are
dangerous. As with wastewater lagoons, trees
should not be allowed to grow within about 500
feet (150 meters) of the pond. There must be
enough surface drainage around the edge of the
pond to keep surface water from entering the
unit.



Since there is no discharge from the system,
there is no need for testing the pond effluent. All
bodies of surface water and all wells in the area
should be tested often to see if they have been
polluted by the pond. Too many suspended solids
discharged to the pond will stop up the unit. A
suspended solids test must be performed daily (or
at least very often) to find out if the treatment
plant units are working well or if operative con-
trols need to be changed. The ponds should be
checked each day. Any changes in the way the
plant looks or smells or any changes from
normal operation need to be checked out.
Laboratory tests may help find the problem and
suggest ways of correcting it.

Troubleshooting

describes some problems and solu-
tions for these problems with wastewater effluent.
Refer to manufacturers’ manuals for more
specific troubleshooting and operating guides for
various types of treatment plants. Effluent quality

usually depends on the operation and maintenance
of upstream process units.

Odors and unsightly conditions are the most
common subjects of complaints. Toxic wastes and
wastes with high fecal coliform count are more
dangerous but are more difficult to detect.
Therefore, fewer complaints are made regarding
these two hazards.

Complaints must be received with courtesy
and investigated at once to see if the complaint
is valid. Be sure to inform the complaining
person(s) as to your findings, what can be done
or what is being done to remedy the problem. A
careful investigation may show that the source of
the problem is not related to the wastewater treat-
ment plant.

If the treatment plant is the source of the
problem, use all available operating controls to
obtain maximum plant efficiency. Notify desig-
nated regulatory officials at once as to the nature
of the problem. If the solution to the problem
appears to be beyond operator control, request
advice and/or assistance.

Table 10-13.—Troubleshooting Effluent Disposal

INDICATOR LIKELY CAUSES

ACTIONS TO TAKE

Effluent BOD or 1. Organic overload.
COD too high.

2. Septic conditions in

plant units and the col-
lection system.

3. Not enough aeration.

Effluent settle- 1. Hydraulic overload.
able solids con-
tent too high. 2. Sludge collection and

removal equiment not
working right.
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1. Control organic loading by sewer use regula-
tions. Improve plant upkeep. Use all available
operating control.

2. Check sludge pumping schedule for proper
removal. Inspect pumps to see if they are
working. Inspect sludge pipes and valves for
clogging, check for sludge deposits (pockets)
that are not being pumped out of the clari-
fiers. Inspect all plant units whether
primary or secondary for proper operation.
Refer to manufacturer’'s instructions for
process information. Inspect the collection
system, including lift stations, for septic
conditions.

3. Maintain the recommended DO level in all
aerated units usually about 2 mg/1. Inspect
air diffusers for even distribution of air and
good mixing.

Try to control hydraulic loading by main-
taining the collection system. Install holding
ponds or tanks to handle peak load. Check
on wastewater flow rate often to see if plant
capacity is exceeded, Inspect settling tanks for
short circuiting (channeling).



Table 10-13.—Troubleshooting Effluent Disposal—Continued

INDICATOR

LIKELY CAUSES

ACTIONS TO TAKE

Effluent sus-
pended solids
content too
high.

Effluent pH too
low or too high.

Wastewater
organisms Kkilled,
very little treat-
ment being pro-
vided.

Coliform count
above permit
requirement.

1. Secondary units organi-
cally overloaded.

2. Hydraulic overload.

1. Industrial discharges not
properly pretreated.

2. Septic conditions in col-

lection system or in the
treatment plant.

Toxic material leaking or
being discharged to the col-
lection system.

1. Not enough chlorine
being applied.

2. Chlorine not well mixed
with the wastewater.

3. Contact time too short.
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1. Keep organic loading of secondary units

within design capacity if reasonably possible.
Carefully inspect aerated units for DO con-
tent and mixing.

Same action as for too many settleable
solids in the effluent due to hydraulic
overload.

. Inspect and sample the wastewater from the

collection system to find the source. Require
or provide proper pretreatment.

Inspect both collection system and plant
for detention time in sewer pipes, wetwell,
and clarifiers. Clean and flush clogged or
partly clogged sewers. Aerate and/or chlori-
nate the influent wastewater for temporary
relief.

Immediately notify downstream users and
regulatory authorities, giving all available
information as to type and quantity of toxic
substance, also time of release. If the operator
has advance warning of a spill or discharge
of toxic waste, then all available storage
should be used to contain the toxic material
instead of letting it pass through the plant. If
it cannot be contained, use all available
methods to neutralize and/or dilute the toxic
waste. Try to find the source of the toxic
material and use every reasonable means to
prevent its discharge to the system.

. Test several times daily for “free” chlorine

residual, especially during and immediately
after peak flows. Adjust dose of chlorine
according to test results. Inspect chlorine feed
pump for working condition. If chlorine com-
pounds such as HTH and others are being
used, be sure of its percentage of chlorine con-
tent when adjusting the feed rate (dose).
Inspect mixing equipment to be sure the
chlorine and wastewater are well mixed
immediately. Test for free chlorine residual
in several areas of the contact tank to be sure
of proper mixing.

3. Carefully check the contact (detention) time

of the tank to be sure that 15 to 30 minutes’
contact time is provided. Remove sludge
deposits, if any are present, from the contact
tank.



SEPTIC TANKS, CESSPOOLS, AND
LEACHING FIELDS

Septic tanks, cesspools, and leaching fields are
used for sewage treatment processes where
common sewers are not available. These facilities
are for the most part underground receptacles. If
properly designed, constructed, located, and
operated, these receptacles work without
objectionable odors over long periods of time with
a minimum amount of attention.

SEPTIC TANKS

Septic tanks may be used to serve small or
scattered installations where the effluent can be
disposed of by dilution, leaching wells or trenches,
subsurface tile, or artificial subsurface filter systems
(fig. 10-2).

The septic tank capacity should equal a full day’s
flow plus an additional allowance of from 15 to 25
percent for sludge capacity. The minimum
acceptable size of septic tank is 1,000 gallons.
[Table 10-14] outlines the minimum tank capacities
required by the National Standard Plumbing Code.

Septic tanks are constructed of reinforced concrete.
The length of the tank should be not less than two
nor more than three times the width. The liquid
depth should not be less than 4 feet for the smaller
tanks and 6 feet for the larger ones. Manholes
should be provided over the inlet and outlet pipes
and over the low points in the

ACCESS COVER

U-BOLTS

g
INLET —>

NOTE: INLET AT LEAST 3" ABOVE OUTLET

Figure 10-2.—Septic tank

Table 10-14.-Capacity of Septic Tanks

Single family Multiple Other uses— Minimum septic tank capacity iny
dwellings—number dwelling units or maximum fixture units gallons
of bedrooms apartments—one bedroom served
each
1-3 20 1,000
4 2 units 25 1,200
Sor6 3 33 1,500
TJor8 4 45 2,000
Extra bedroom 150 Gal .ea| 5 55 2,250
Extra dwelling units over
10,250 Gal. ea. 6 60 2.500
Extra fixture units over 100
25 gallons per fixture unit. 7 70 2,750
8 80 3,000
9 90 3,250
10 100 3,500
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bottom of hopper-bottom tanks. The roof of the
tank may be covered with earth, but access open-
ings should extend at least to the ground surface.
Although ells or tees may be used at inlet and
outlet connections, straight connections are
better for rodding. Instead of ells, wooden
baffles, located approximately 18 inches from the
ends of the tank and extending 18 inches below
and 12 inches above the flow line, are provided.
Elevations should permit free flow into and out
of the tank. The bottom of the inlet sewer should
be at least 3 inches above the water level in the
tank. The inlet and outlet connections should be
sufficiently buried or otherwise protected to
prevent damage by traffic or frost.

When a tank will discharge into a leaching
field greater than 500 feet in length, a dosing tank
and siphon should be incorporated into the system
(fig._10-3). The rush of sewage that occurs when
the siphon discharges results in better distribution
throughout the leaching field. While the dosing
tank is refilling, the resultant resting period is
favorable to maintaining aerobic conditions in the
receiving soil. The dosing tank should have a
capacity about 60 to 75 percent of the interior
capacity of the leaching pipe to be dosed at one
time and should automatically dose once in 3 to
4 hours. Double the amount of dosing siphons

MANHOLE

for each additional 500 feet of leaching tile or
pipe.

Although properly designed septic tanks
require little operating attention, they must
be inspected periodically. The frequency is
determined by the size of the tank and the
population load. The minimum frequency should
be once every 2 months at periods of high
flow. The inspection should assure that the
inlet and outlet are free from clogging, that
the depth of scum and sludge accumulation
is not excessive, and that the effluent passing
to subsurface disposal is relatively free from
suspended solids. A high concentration of
suspended solids in the effluent quickly clogs
subsurface disposal facilities. Sludge and scum
accumulation should not exceed one-fourth the
tank capacity. It should not be assumed that
septic tanks liquefy all solids, that they
never need cleaning, and that the effluent is
pure and free from germs. Perhaps 40 to 60
percent of the suspended solids are retained
and the rest are discharged in the effluent.

Separating sludge and scum from the liquid
in septic tanks is difficult. In small tanks these
wastes are customarily mixed, and the entire con-
tents are removed when the tanks are cleaned. The
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Figure 10-3.-Septic tank with dosing siphon.
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material removed contains fresh or partially
digested sewage solids. It must be disposed of
without endangering public health. Disposal
through manholes in the nearest sewer system, as
approved by local authorities, or burial in shallow
furrows on open land is recommended. A
diaphragm type of sludge pump is best suited for
removing the content of the tank. The contents
should be transported in a watertight, closed
container.

When installing a septic tank system for
sewage treatment, you must take into consideration
the location with respect to wells or other sources
of water supply, topography, water table, soil
characteristics, area available, and maximum
building occupancy. Building occupancy is a key
factor in determining tank size.[Table 10-15] shows
common sewage uses based on type of facility and
gallons per person per day of usage.

The physical location of a septic tank in
relation to wells must be no closer than 100 feet
from a shallow well and no closer than 50 feet
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from a deep well. In general, a shallow well is less
than 100 feet in depth and a deep well is more than
100 feet in depth.[Eigure 10-4lshows a typical septic
tank system layout with minimum distances noted.
Keep in mind that septic tanks, cesspools, and
leaching fields must be located downhill from any
water source.

CESSPOOLS

Sewage from private dwellings and farmhouses
in outlying areas may discharge into cesspools if a
common sewerage system is not available. Cesspools
are usually dry-laid masonry or brick-lined wells
without any masonry at the bottom. The sewage
flows into them and leaches out into the soil.
Floating solids collect at the top and settling solids
collect at the bottom of the well. The leaching
capacity of the well is exhausted when the solids
accumulate and clog the soil. The use of chemicals
is not recommended

100° MIN TO

ANY PART OF

ANY DISPOSAL
SYSTEM

\

LEACHING
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ALTERNATE ARRANGEMENT

—
i — s
e ———
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Figure 10-4—Minimum distance for location of components of a private sewage
disposal system.
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Table 10-15.—Sewage Flows According to Type of Establishment

Type of Establishment Gallons used
Schools (toilet and lavatories only) . . . . . . . . . . . . . ... ... .. 15 gal per day per person
Schools (with above plus cafeteria) . . . . . . . . . . .. ... ... ... 25 gal per day per person
Schools (with above plus cafeteria and showers) . . . . . . ... ... .. 35 gal per day per person
Dayworkers at schools and offices . . . . . . . .. . ... ... ..... 15 gal per day per person
Daycamps . . . . . . . e e e e 25 gal per day per person
Trailer parks or tourist camps (with built-in bath) . . . . . ... ... .. 50 gal per day per person
Trailer parks or tourist camps with central bathhouse . . . . . .. ... .. 35 gal per day per person
Work or construction camps . . . . . . . .. ..o 50 gal per day per person
Public picnic parks (toilet wastes only) . . . . . . . . .. . ... ..... 5 gal per day per person
Public picnic parks (bathhouse, showers, and flush toilets) . . . . . . . .. 10 gal per day per person
Swimming pools and beaches. . . . . . . . .. .. ............10 gal per day per person
Country clubs . . . . . . . . e 25 gal per locker
Luxury residences and estates . . . . . . . . . . . .. ... 150 gal per day per person
Rooming house . . . . . . . . . . . ... 40 gal per day per person
Boardinghouses . . . . . . . . . . .. ... 50 gal per day per person
Hotels (with connecting baths) . . . . . . . . . .. .. .. ... ..... 50 gal per day per person
Hotels (with private baths--two persons per room) . . . . .. . ... .. 100 gal per day per person
Boarding schools. . . . . . . . . . ..o 100 gal per day per person
Factories (gallons per person per shift exclusive of industrial wastes . . . .25 gal per day per person
Nursing homes . . . . . . . . . . . .. 75 gal per day per person
General hospitals. . . . . . . . ..o 150 gal per day per person
Public institutions (other than hospitals) . . . . . . . . . ... ... .. 100 gal per day per person
Restaurants (toilet and kitchen wastes per unit of serving capacity). . . . . 25 gal per day per person
Kitchen waste from hotels, camps, etc. Serving 3 meals per day . . . . .. 10 gal per day per person
MOtElS . . . . . 50 gal per bed space
Motels with bath, toilet, and kitchen wastes. . . . . . . . .. .. ... .... 60 gal per bed space
Drive-in theaters . . . . . . . . . . . . . ..o 5 gal per car space
Stores . . . . . . . . . . . . . . . . . . . ... .........A00gdgalper toilet room
Service stations . . . . . ..., 10 gal per vehicle served
Airports . . . . . . L L L e e e e . . . .3-5 gal per passenger
Assembly halls . . . . . . . ... ... ... ... ... ... ... ......2qgal per seat
Bowling alleys . . . . . . . . . . . ... .. ... ... .. ... ..... 175 gal per lane
Churches (small) . . . . . . . . . . .. .. 3-5 gal per sanctuary seat
Churches (large with kitchens) . . . . . . . . . .. ... ... ... ... 5-7 gal Per sanctuary seat
Dance halls . . . . . . . . . . . . . 2 gal per day per person
Laundries (coin operated). . . . . . . . . e e e e , . . . 400 gal per machine
Service stations . . . . . . . . .. ... ... ... .. .......... 1000gal(First bay)
............................... 500 gal (each add. bay)
Subdivisions or individual homes . . . . . . . .. ... ... ... ... 75 gal per day per person
Marinas—Flush toilets . . . . . . . .. ... ... ... ..... ... 36galper fixture per hr
Urinals . . . . . . . . . . . . . . . . . ... ... ......... 10gal per fixture per hr
Washbasins . . . . . . ... 15 gal per fixture per hr
Showers . . . . . . . . . . . . . .. . . ... .. ...........150gdalperfixture per hr
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to increase the useful life of a cesspool. See

figure 10-5

When the first cesspool becomes filled, a
second well may be built to take the overflow
from the first. In such cases, the first cess-
pool should operate as a septic tank to
collect the settling and floating solids and
provide a trapped outlet on the connection
leading to the next leaching cesspool. Septic
tanks may be placed advantageously ahead of
leaching cesspools in larger installations. Leaching
cesspools should not be placed closer together
than 20 feet by out-to-out measurement of
walls.

2" PLANK COVER

Leaching cesspools should be used only where
the subsoil is porous to a depth of at least 8 or
10 feet and where the ground water is normally
below this elevation. When they are located in fine
sand, the leaching area can be increased by sur-
rounding the walls with graded gravel.

The number and the size of cesspools required
depend on the quantity of sewage and the leaching
characteristics of the total exterior percolating
area above the ground water table, including
bottoms and sidewalls below the maximum-flow
lines. The allowable rate of sewage application per
square foot per day, based on the recommended
leaching test, is given below. Soils that require
more than 30 minutes for a fall of 1 inch are

MORTARED JOINTS
ON TOP 4’ OF
SIDE WALLS

’ I
MASONRY LAID
DRY, OPEN JOINTS

87.407

Figure 10-5.—Leaching cesspool.



unsatisfactory for leaching. Some other disposal
method should be used.

Time for water to Allowable rate of
fall 1 inch (minutes) sewage application
(gallons per sq ft of
percolating area per
day)
1 53
2 4.3
5 32
10 23
30 1.1

The test for leaching should be made by
digging a pit about one half of the proposed
depth of the cesspool, with a test hole 1 foot
square and 18 inches deep at the bottom. The test
hole is filled with 6 inches of water and allowed
to drain off. Six inches of water is again added,
and the downward rate of percolation is measured
in minutes required for the water surface to lower
1 inch in the hole.

LEACHING FIELDS

Leaching fields are an integral component of
a septic tank individual sewage disposal system.
Leaching field may be referred to as tile fields or
absorption trenches. Whichever term is used, the
function, testing, construction, and maintenance
techniques of this component remain the same.

The lines in a leaching fields are built of
4-inch PVC perforated pipe. Many types of
perforated pipe are commercially available for use
in leaching-field construction.

The following conditions are important for
the proper functioning of a leaching field:

@ Groundwater levels well below that of
the leaching field

@® soil of satisfactory leaching
characteristics within a few feet of the surface
extending several feet below the leaching pipe

@ subsurface drainage away from the field

@ Adequate area
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® Freedom from polluting drinking water
supplies, particularly from shallow wells in the
vicinity

Before installing a leaching field in a specified
area you must perform a percolation test. This test
determines whether the area selected is suitable for
subsurface sewage disposal; it also helps you to
determine the overall size of the leaching field in
relation to trench dimensions and pipe lengths.

The test consists of digging a test pit 2 feet
square and at least 1 foot in depth. The optimum
depth should be at the deepest point that the
leaching pipe will be laid. Next dig a hole 1 foot
square by 1 foot deep in the test pit. Fill this hole
with 7 inches of water for wetting purposes. Allow
the water to drop to 6 inches before recording the
drop time. Then note the time required for the level
to drop 1 inch (from 6 to 5 inches) in depth. You
can then determine the length of pipe in the
leaching field by using[table 10-16] Note that this
table is based on the assumption that 4-inch pipe
will be used as recommended by the National
Standard Plumbing Code.

In the construction of a leaching field, the
installer takes into consideration the results of the
percolation test, type of soil, size of pipe, depth in
reference to the ground water level and frost line,
and standard requirements of materials

Table 10-16.—The Tile Length for Each 100
Gallons of Sewage PerDay

Time in Tile length for trench widths
I{‘iirxlllcl:t}fs for of
drop 1ft 2 ft 3ft
1 25 13 9
2 30 15 10
3 35 18 12
5 42 21 14
10 59 30 20
15 74 37 25
20 91 46 31
25 105 53 35
30 125 63 42




placed in the absorption trench.[Eigure 10-6]shows
a typical layout of a leaching field.

The type of soil at the location of the field will
dictate the width of the trench. Sand and sandy
loam require a width of 1 foot, loam and sand and
clay mixture 2 feet, clay with some gravel 3 feet.
Note these are minimum trench widths based on the
type of soil encountered at the jobsite.

Placing the leaching pipe below the frost line
to prevent freezing is not necessary. Under no
circumstances can you lay leach pipe below the
ground water level. When digging the absorption
trenches, you must consider the lengths of each
lateral and their spacing in relation to each other.

&
SEPTIC OV
TANK o

Do not make any lateral longer than 100 feet
in length. [Table 10-17|shows the size and

spacing requirements for disposal fields.

After the trenches are laid out and dug,
filler material must be placed along with the
actual pipe. The filler material may be washed
gravel, crushed stone, slag, or clean bank-run
gravel ranging in size from 1/2 to 2 1/2
inches. Filler material in the trench should not
be less than 6 inches deep below the bottom
of the pipe. It should be at least 2 inches
above the pipe. To prevent backfill soil from
filling the voids in the filler material, it is
recommended that a 3-inch
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Figure 10-6.—Typical layout of a subsurface tile system.
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layer of medium-screened gravel with another
layer of fine-screened gravel, untreated paper, or
straw of 2 to 3 inches in depth in the trench.

Pipe should be laid with a minimum pitch
of 2 inches to a maximum pitch of 4 inches per
100 feet, When open joints are used, they must
not be spaced more than 1/2 inch apart.
Asphalt-treated paper should be used to cover
the joint. The open joint allows for free
discharge of solids from the line to the trench.
The asphalt-treated paper prevents gravel from
entering the pipe.

The layout of the field requires attention to
detail to prevent future maintenance and
operation troubles. When the field is laid on
sloping ground, the flow must be distributed so

each lateral gets a fair portion of the flow.
Individual lines should be kid nearly parallel to
land contours, Leaching fields are commonly laid
out either in a herringbone pattern[(fig. 10-6) or
with the laterals at right angles to the main
distribution pipe. Little or no maintenance is
required for leaching fields. Preventive
measures, such as excluding all vehicle traffic
and not planting trees or shrubs in the field area,
should ensure trouble-free operation for many
years. When a leaching field becomes
inoperable, you must replace it with a new
system. Tree or shrub roots are a major factor
in leaching-field failure. This requires the
replacement of field components and complete
root removal.

Table 10-17.—Size and Spacing for Disposal Fields

Width of trench Recommended Spacing Effective absorption area per
at bottom (in.) depth of trench tile lineal ft
(in.) lines * (ft) of trench (sq. ft.)
18 18 to 30 6.0 1.5
24 18 to 30 6.0 20
30 18 to 36 7.6 2.5
36 24 to 36 9.0 3.0
* Greater spacing is desirable where available area permits.
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CHAPTER 11

COMPRESSED AIR SYSTEMS

The Utilitiesman is involved in the requirements are also discussed.

installation of compressed air systems.

SYSTEM CLASSIFICATIONS

The senior UT must be capable of

identifying and directing the proper Compressed air is a form of power that has
construction techniques for installation of many important uses in industrial activities. An air
compressor plant is required to supply
air of adequate volume, quality, and pressure at
the various points of application. Compressed air
installed previously. In this chapter is stated as pounds per square inch gauge (psig).

fittings and components. You will also be
involved in the maintenance of systems

compressed air systems and air quality These plants or systems are classified as

TEMPERATURE
CONTROL
REGULATOR /
R SUPPLY PIPE MUST DRAIN WHEN ORDERED -
AWAY FROM RECEIVER.
PROVIDE DRAINS AS SHOWN SAFETY VALVE MJTO 2R
AND AT LOWER END pushivey
GAUGE
WlL:I ‘B //
Un_l I |Eggl i \¢ waTER| / //
gm L's ‘ 5/ _A
T~ R/
U DRAIN VALVES ’J &l

AR RECEIVER

THIS TYPE CONNECTION ADILISTARLE /

PREVENTS CONDENSATION /
L—

—
FROM BEING CARRIED BY PASS nn (P =‘I

OVER WITH AIR THERMOMETER -1

WHEN ORDERED I

MUDIUNE

0 DRAN SEPARATOR

FLOAT TRAP
FLOOR-LINE aD WHEN ORDERED
\ ™m m

SAFETY
VALVE
]

MAGNETIC
WATER TEMPERATURE
oL il } ACTUATED SHUTDOWN
AL WHEN ORDERED
| ORDERED

i evamreE

iN STARTER
- WATER
" OUTLET

SUCTION
AR FILTERS

@ (s]s)7™

1
L s,
TO DRAIN
O5SNVM008

Figure 11-1.—Components of a compressed air plant.
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low-pressure (0 to 125 psig), medium-pressure ( 126
to 399 psig), or high-pressure (400 to 6,000 psig)
systems.

LOW-PRESSURE SYSTEMS

Low-pressure systems provide compressed air
up to 125 psig pressure. When you are installing
a low-pressure system, pressure is usually reduced
at reducing stations for branches requiring
lower pressures. Several air pressure requirements
for low-pressure air consumers are listed below:

Laboratories 5 to 50 psig

Shops 60 to 125 psig

Laundries and dry cleaning

plants 70 to 100 psig
Hospitals 20 to 50 psig
Ordinary service (tools, paint-

ing, and so forth) 60 to 80 psig

Soot blowing for boilers 80 to 125 psig

MEDIUM-PRESSURE SYSTEMS

Medium-pressure systems provide com-
pressed air within the range of 126 to 399 psig
pressure. These systems are not extensive and are
generally provided with individual compressors
located near the loads. Medium-pressure systems
are mainly used for the starting of diesel engines,
soot blowing of boilers and high-temperature
water (HTW) generators, and hydraulic lifts.

HIGH-PRESSURE SYSTEMS

These systems provide compressed air within
the range of 400 to 6,000 psig pressure. Hazards
that increase with higher pressures and capacities
can be minimized by the use of separate com-
pressors for each required pressure. Systems
operating at 3,000 psig may require small amounts
of air at lower pressures, which is supplied
through pressure-reducing stations.

Caution must be used with high-pressure
systems because when high-pressure air enters
suddenly into pockets or dead ends, the air
temperature in the confined space increases
dramatically. If there is any combustible material
in the space and the air temperature increases to
the ignition point of the material, an explosion
may occur. This is known as auto ignition or diesel
action. Explosions of this type may set up shock
waves that travel through the compressed air
system. This travel may cause explosions at
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remote points, Even a small amount of oil residue
or a small cotton thread may be sufficient to cause
ignition.

Some common pressure requirements for
high-pressure systems may be as follows:

600 to 3,000 psig

100, 750, 1,500, 2,000,
and 4,500 psig

Over 3,000 psig
Up to 6,000 psig

Torpedo workshop
Ammunition depot

Wind tunnels
Testing laboratories

AIR QUALITY REQUIREMENTS

The quality of air supplied from a compressed
air system will vary with application. The installer
and maintenance personnel should consider the
class of air entrapment and specific air quality
requirements for each application,

CLASSES OF AIR ENTRAPMENT

The classes of air entrapment may be sub-
divided into inert and chemical particulate,
chemical gases, oil, and water. To prevent con-
tamination of an air compression system by these
types of entrapments, you should follow certain
guidelines for each situation of possible
contamination.

Particulate

Intake structures or openings should be free
of shelves, pockets, or other surfaces that attract
and accumulate particulate. Properly designed
intakes are large enough to produce a low-velocity
airflow. This limits the size of the particles that
may be picked up by the intake suction.

Some particulate may contain active
chemicals that may form acids or alkalines in the
inevitable presence of water. These chemical
particulate can accelerate damage to compressor
surfaces.

Particulate are sized in microns or micro-
meters. This measurement is size, not weight. One
micron is a unit of length equal to one millionth
of a meter. Particles larger than 10 microns are
visual to the naked eye. Filter systems are required
for all air compressors. Generally, filters should
be able to remete particles down to 1 to 3 microns
in size.

Gases or Fumes

Cases or fumes are fully airborne and
generally independent of air velocity. They can



be strong acid, alkaline, or otherwise corrosive
to the internal surfaces or lubricants of the
compressor. In addition, gases or fumes may be
prohibited by the end-use process, such as medical
gases or breathing air and for environmental or
odor reasons. Intakes near normal flow paths of
engine exhausts should be avoided.

Oil

Oil fumes, vapor, or mist can be as difficult
to handle as particulate or gases. Even though
many types of compressors are oil lubricated, the

oil ingested may not be compatible and com-
pressor load may be increased.

Water

Waste and water vapor are always present in
air intakes. Installation of intakes should prevent
the accumulation of free water. Free water in-
gested into the compressor causes damage to in-
ternal components.

Since water vapor with chemical content cor-
rodes steel piping, precautions must be taken to
protect materials from corrosion. Galvanizing,
applying protective coatings, or using plastic or
stainless steel piping for air intakes are some
suggested methods to retard or prevent corrosion.
Also be sure to install intakes in a manner that
excludes rainfall, snow, or spray by applying a
weather hood.

SPECIFIC AIR QUALITY
REQUIREMENTS

The diverse uses of air are accompanied by
specific air quality requirements. These vary from
high purity requirements through the need to in-
troduce materials into a system to be carried along
with the air. This section will discuss these specific
air quality requirements.

Commercial Air

Commercial compressed air is graded accord-
ing to its purity. The purest is grade A running
alphabetically to grade J, the least pure. The Com-
pressed Gas Association has set guidelines for the
grading of commercial compressed gas. The ap-
plication of commercial compressed air is varied
and generally specified for each individual
installation by engineers. The full extent of the
qguality requirements for commercial compressed
air applications can be located in the Compressed
Air Association publication Commodity Speci-
fication for Air, G-7.1 (ANSI 286.1-1973).

Breathing Air

Breathing air must be of high quality for
obvious reasons. Federal Specification BB-A-1034

outlines the specific requirements for
breathing air.

Source |
(Pressurized Container Air)

Source 11
(Compressed Air)

Component Grade A Grade B Grade C Grade D

Oxygen (by volume) 20 to 22 19 to 23 20 to 22 19 to 23
percent

Carbon dioxide 500 parts per 1,000 ppm 500 ppm i,000 ppm
(by volume) million (ppm) max max mac

max

Carbon monoxide 10 ppm max 10 ppm max 10 ppm max 10 ppm max
(by volume)

Oil (mist and vapor) 0.005 miligrams 0.005 mg 0.005 mg 0.00§ mg
and particulate (mg) per liter, per liter, per liter, per liter,
matter (weight/ max max max max
volume)

Separated water None None None None

Total water 0.02 mg per 0.3 mg per 0.02 mg per Q.3 mg per
(weight/volume) liter, max liter, max liter, max liter, max

(Dew point— (Dew point—

20 degrees F.)

20 degrees F.)

Figure 11-2—Breathing air requirements, Federal Specification BB-A-1034A AM 1.
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Special attention must be given to eliminating
carbon monoxide (CO), carbon dioxide (COz2),
hydrocarbons, odor, and water from breathing
air. Carbon monoxide has first priority as its
effects are cumulative and very small concentra-
tions can cause problems. Whenever possible,
carbon monoxide monitoring should be provided
at the compressor intake. This monitoring equip-
ment should sound an alarm or shut down the
system when CO is detected.

Carbon dioxide is found in combustion flue
gases such as boiler stacks. Do not place com-
pressor intakes near or downwind of the stacks.

Systems should be kept free of oil to limit the
possible concentration of hydrocarbons or
petroleum products. For breathing air, com-
pressors should be oil free rather than using
auxiliary petroleum removal equipment. The heat
caused by compression may cause thermal break-
down of oil or an explosion danger may exist
as a result of drawing hydrocarbons into the air
system.

Water content is kept below saturation to pre-
vent condensation at points that cannot be
cleaned. It is recommended that refrigerant or
dessicant dryers be used to remove moisture from
a breathing air system. This will limit the vapor
clouding (fogging) of glasses and visors.

Medical Air

Medical air quality must be the same or
better than breathing air. Whatever quality is
established must be strictly adhered to.

Instrument and Control Air

Air quality requirements for instrument and
control air should place emphasis on cleanliness
and low moisture content. The Instrument Society
of America (ISA) has established the following
requirements:

® Dew point, exterior: 18°F (-7.8°C)
below minimum recorded ambient temper-

ature

® Dew point, interior: 18°F (-7.8°C)
below minimum interior temperature but
not higher than 35°F (1.7°C)

® Particle size: 3 microns maximum

® Oil content: As close to zero as possible

but not over 1 ppm
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® Contaminates: No corrosives or hazard-
ous gases

Water content must be low enough to prevent
condensate accumulations. Special attention
should be given to ensure that intake air is filtered
and oil or water removed. A refrigerant dryer with
a dew point at least as low as 30°F (-1.1°C) is
recommended for these services.

Aircraft Starting and Cooling Air

Aircraft starting air requires reasonably clean
air to prevent introduction of excessive levels of
oil, water, or particulate into engine systems.
Normal intake filtering and oil/water separation
should be adequate.

Aircraft cooling air is intended for electrical
load cooling to prevent malfunction of the equip-
ment. Cooling air should be reasonably clean.
This air may also be used for breathing. If it is,
then breathing air quality standards should be
maintained.

Air for Pneumatic Tools

When compressed air is intended for use with
pneumatic tools, it should be filtered for
particulate and water should be separated out.
Qil is usually required to be ingested into the air
for tool lubrication. Mist injection is preferred for
tools to ensure dispersion and maximum settle-
ment. Note that pressures in excess of 400 psig
may cause compression combustion when oil is
present.

High-Pressure Air Systems

Air quality must be carefully analyzed to
minimize not only the normal hazards of high
pressure, but the internal explosive hazards that
exist with high-pressure systems. Of particular
danger is the introduction of oil and hydrocarbons
during compression and their remaining and ac-
cumulating throughout the system. A high-
-pressure system of 500 psig or higher is subject
to rapid local heat buildup whenever there is a
rapid filling of a component or vessel. The heat
buildup (combined with oil and foreign material)
that permits the oil to wick or vaporize can readily
cause an explosion or fire. Any explosion in the
system may produce several shock waves to travel
the system, compounding the damage. Because
of this problem, special attention is required to
clean the intake air, limit the introduction of



lubrication oil, and remove oil after completion
of the compression process.

AIR COMPRESSORS AND
AUXILIARY EQUIPMENT

There are basically two types of compressors:
positive displacement and dynamic. This section
will discuss the reciprocating air compressors,
the rotary air compressors, the helical screw
compressors classed as positive displacement
compressors, and the dynamic centrifugal com-
pressors.

General auxiliary equipment will also be
discussed. Auxiliary equipment consists of any
device(s) that may be added to the system to
improve its efficiency or provide a specific func-
tion. It provides a safe condition under which the
compressor system will be operating.

RECIPROCATING AIR
COMPRESSORS

The most commonly used stationary air com-
pressors are the reciprocating, positive displace-
ment design. They may be single acting or
double acting, single stage or multistage, and
horizontal, angle, or vertical in design.

In a single-stage unit there is but one com-
pressing element; it compresses air from the
initial intake pressure to the final discharge
pressure in one step. A multistage machine has
more than one compressing element. The first
stage compresses air to an intermediate pressure,
then one or more additional stages compress it
to the final discharge pressure.

In the reciprocating compressor the compres-
sion cycle is composed of three phases: intake,
compression, and discharge.

During the intake stroke the downward move-
ment of the piston creates a partial vacuum
inside the cylinder. The spring-operated intake
valve is forced open by the differential pressure
between free air on one side and the partial
vacuum inside the cylinder. As the valve opens,
air fills the cylinder. The piston now moves into
the compression stroke, forcing the intake valve
closed and raising the pressure of the air trapped
in the cylinder. When the pressure of this air
is great enough to overcome the force of the
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spring-operated discharge valve, the valve opens
and the compressed air is discharged from the
cylinder.

Compressors are classified as low pressure,
medium pressure, or high pressure. Low-pressure
compressors provide a discharge pressure of 150
psi or less. Medium-pressure compressors provide
a discharge pressure of 151 psi to 1,000 psi. Com-
pressors that provide a discharge pressure above
1,000 psi are classified as high pressure. Note that
compressors are classified at different pressures
than those for classifying total compressed air
systems discussed earlier.

Most low-pressure air compressors are of the
two-stage type with either a vertical or a vertical
W arrangement of cylinders. Two-stage, V-type,
low-pressure compressors usually have one
cylinder that provides the first (low-pressure) stage
of compression and one cylinder that provides the
second (high-pressure) stage, as shown in[figure]
W-type compressors have two cylinders for
the first stage of compression and one cylinder
for the second stage. This arrangement is il-
lustrated in[figure 11-4]

Compressors may be classified according to
a number of other design features or operating
characteristics.

Medium-pressure air compressors are of the
two-stage, vertical, duplex, single-acting type.
Many medium-pressure compressors have dif-
ferential pistons, as shown in[figure 11-5] This
type of piston provides more than one stage of
compression on each piston.

ROTARY AIR COMPRESSORS

Rotary sliding vane compressors are machines
in which longitudinal vanes slide radially in a
slotted rotor that is mounted eccentrically in a
cylinder. The rotor is fitted with blades or vanes
that are free to slide in and out of longitudinal
slots and maintain contact with the cylinder walls
by centrifugal force. In operation, as the blades
are forced outward by centrifugal force, compart-
ments are formed in which air is compressed [fig.]
[11-6). Each compartment varies from a maximum
volume on the suction side of the revolution to
a minimum volume on the compression half of
the revolution. This gives a positive displacement-
type suction and pressure effect.

Another type of rotary compressor is the twin-
lobe unit sometimes referred to as a blower
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Figure 11-3.—A typical two-stage reciprocating low-pressure air compressor.

{fig. 11-7). This unit consists of two impellers mounted
on parallel shafts that rotate in opposite directions
within a housing. As the impellers rotate, they trap a
guantity of air themselves and the blower housing and
move the air around the casing to the discharge port.
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This action takes place twice each revolution of an
impeller and four times per revolution of both
impellers. The impellers are positioned in relation
between to each other by timing gears, located at the
end of each shaft and external to the blower housing.



47.153
Figure 11-4—W-type, two-stage, three-cylinder
arrangement.

2-STAGE, YERTICAL, WITH
2 DIFFERENTIAL PISTONS

47.153

Figure 11-5.—Differential piston with a two-stage,
vertical arrangement.
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Figure 11-7.-Twin-lobe rotary compressor.

You should always use maintenance and
service literature provided by manufacturers
when you are working with rotary compressors.
Maintenance information is given in Operation
and Maintenance of Compressed Air Plants,
NAVFAC MO-206.

INTAKE

VNS

COMPRESSION DISCHARGE

Figure 11-6.—Compression cycle of rotary compressor.
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HELICAL SCREW COMPRESSORS

Helical screw compressors contain two mating
rotating screws, one locked and one grooved,
which provide the driving force. The unit's screws
take in air, decreasing its volume as it progresses
in a forward-moving cavity toward the discharge
end of the compressor.[Figure 11-8] shows a typical
single-stage compressor and a double-stage helical
screw compressor. These compressors are best
used in booster or near constant-load conditions
at low-pressure, oil-free application. Helical screw
compressors may also be found in aircraft start
facilities.

DYNAMIC CENTRIFUGAL
COMPRESSORS

Dynamic compressors are high-speed rotating
machines in which air is compressed by the
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Figure 11-8.—Rotary helical screw compressors.
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action of rotating impellers or blades that impart
velocity and pressure to the air.[Figure 11-9 shows
the internal parts of a multistage centrifugal
compressor. This type will deliver air at an
essentially constant pressure over a wide range of
capacities. The direction of airflow is radial with
respect to the axis of rotation.

Centrifugal compressors have a lower limit of
stable operation called the surge point. Operation
below this point results in pumping or surging of
the airflow. Prime movers are normally electric
motors or steam turbines.

Centrifugal compressors are intended for near
continuous industrial air service when the load is
reasonably constant. These compressors also work
well when oil-free air is required and can be used
for breathing air.

[Table 11-1 shows typical application recom-
mendations for both positive displacement and
dynamic class compressors.

AUXILIARY EQUIPMENT

A system that functions to provide a con-
tinuous supply of usable compressed air requires
certain auxiliary devices in addition to the air com-
pressor. Most compressed air systems require a
minimum of auxiliary equipment that should
include air intakes, intake filters, silencers, inter-
coolers, aftercoolers, air discharge systems,
separators, dryers, receivers, and so forth. These
auxiliary equipments will be discussed in this
section in addition to less common auxiliary

equipment.
Air Intakes

Air intakes should be located high enough to
eliminate intake of particles of dust, smoke, dirt,
water, and snow. Carbon monoxide sources
should not be able to discharge into compressor
intakes. Special attention should be given to the
elimination of flammable fumes into the com-
pressed air system.

Whenever air intakes must be placed through
a roof that is surrounded by parapets, they should
be 8 to 10 feet above the roof.

Noise may be generated by air intakes and
must be considered during installation. Recipro-
cating compressors are most likely to develop
resonance through intake piping. If this possibility
exists, the use of intake dampeners or surge
chambers will help. High velocities present noise
level problems. Intake pipe velocities should be
limited to 1,000 fpm in open areas or 350 fpm
across filters. Acoustical silencers combined with
filters and/or pulse dampeners are available and



87.252

Figure 11-9.—Internal view of a multistage centrifugal compressor.

Table 11-1.—Summary Application Recommendations, Types of Compressors

Air* Pressure Range
Delivery scfm Range
Type Quality Horsepower Range Remarks

Reciprocating, single- L 100-125 psig, to Intermittent light duty
stage, air cooled 50 scfm, to 10 hp
Reciprocating, two- L 100-125 psig, to Low volume requirements
stage, air cooled 200 scfm, to 50 hp
Reciprocating, two- N 100-125 psig, to Low volume requirements
stage, air cooled 50 scfm, to 15 hp
Reciprocating, two- L 100-150 psig, Wide application range
stage, water cooled 400-1,000 scfm,

75-200 hp
Reciprocating, two- N 100-125 psig, Wide application where
stage, water cooled 400-1,000 scfm, required

75-200 hp
Reciprocating, two- L 100-150 psig, High volume require-
stage, water cooled, 1,000-5,000 scfm, ments
duplex and/or double 200-1,200 hp

acting

(1 psig = 6.90 kPa gauge, 1 scfm = 0.0268 mm 3 /min, 1 hp = 0.746 kW)

*_—L ubricated
N—Nonlubricated
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Table 11-1.—Summary Application Recommendations, Types of Compressors—Continued

Air* Pressure Range
Delivery scfm Range
Type Quality Horsepower Range Remarks

Reciprocating, multi- L, N 150-6,000 psig, Medium and high pressure
stage, water cooled 10-100 scfm,

3-1,000 hp
Rotary, sliding vane, L, N 5-50 psig, Match to load only pres-
single-stage 50-3,000 scfm, sure booster

0.5-300 hp
Rotary, sliding vane, L, N 60-100 psig, Match to load only pres-
two-stage 100-3,000 scfm, sure booster

15-500 hp
Rotary, sliding vane, L 80-125 psig, Wide application range
single- or two-stage 120-600 scfm,
oil injected 15-200 hp
Helical screw, single- L To 35 psig, Match to load only single
stage, lubricated 30-12,000 scfm, rating point

to 1,200 hp
Helical screw, two L 60-100 psig, Match load only. Single
stage lubricated 30-12,000 scfm, rating point. Aircraft air

to 2,000 hp start. Aircraft cooling
Helical screw, single- L To 125 psig, Wide application range
stage, oil injected 40-1,500 scfm,

10-400 hp
Dynamic, centrifugal, N To 35 psig, Match load
single-stage 1,500-15,000 scfm,

100-1,000 hp
Dynamic, centrifugal, N 35-70 psig, Match load, breathing
two-stage 1,500-15,000 scfm air

100-2,000 hp
Dynamic, centrifugal, N 70-125 psig, High volume require-
three-stage 1,500-15,000 scfm, ments, breathing air

200-3,500 hp
Dynamic, centrifugal, N 125 psig or more, Medium pressure high
four or more stages 1,500-15,000 scfm, volume

to 3,000 hp
Dynamic, axial or N 200 psig or more, Medium and high pres-

radial barrel, multi-
stage

(1 psig = 6.90 kPa guage, 1 scfm

*L—Lubricated
N—Nonlubricated

1,500 scfm or more,
high horsepower

sure, high volume

0.0268 mm‘’/min, 1 hp = 0.746 kW
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should be used whenever potential noise level dif-
ficulties are anticipated.

Intake resistance to airflow should be no more
than necessary to maintain air quality. The
resistance created by the air intake system will
reduce compressor performance and efficiency. Refer
to the compressor manufacturer's manual for
maximum resistance requirements.

Intake Filters

Air filters are provided on compressor intakes to
prevent atmospheric dust from entering the
cylinders and causing scoring and excessive wear.
The two most common types of elements in use are
the VISCOUS IMPINGEMENT and the OIL BATH.
Both types are illustrated in[figure 11-10]

VISCOUS INGEMENT TYPE

OlIL BATH TYPE

87.255
Figure 11-10.—Compressor intake filters.
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In the oil bath type, air must pass through an
oil seal that removes dirt particles, and then pass on
through a wire mesh element, which is saturated by
oil carry-over. Any remaining particles of dirt are
removed by the wire mesh element. Captured dust
particles settle to a sump at the bottom of the filter
housing. Oil bath filters are recommended where
dust concentrations are present in the atmosphere.

The viscous impingement filter consists of a
wire mesh filter element, which is coated with oil.
Air passing through the filter element must change
directions many times, causing any dust to adhere to
the oil film.

Silencers
Silencers are similar to mufflers and function

simply to eliminate objectionable compressor suction
noise.[Figure 11-11|illustrates a standard

INLET
CONNECTION
SHELL

DISHED NONREACTIVE

BAFFLE PORTED
SNUBBING
DRAIN
vi-.-y?
c ) ouTLET
CONNECTION
87.256

Figure 11-11.—Intake silencer.



intake silencer. Some compressors are equipped with
combination filter-silencer units that have the filter
elements contained within the silencer housing.

Intercoolers

When air is compressed to 100 psi without heat
loss, the final temperature is about 485°F. The
increase in temperature raises the pressure of the
air under compression, thus necessitating an in-
crease in work to compress the air. After the air is
discharged into the receiver tank and lines, the
temperature falls rapidly to near that of the
surrounding atmosphere, thereby losing part of the
energy generated during compression. The ideal
compressor would compress the air at a constant
temperature, but this is not possible. In multistage
compressors, the work of compressing is divided
between two or more stages, depending on the final
discharge pressure required. An INTERCOOLER is
used between the stages to reduce the temperature
of compression from each stage. Theoretically, the
intercooler should be of sufficient capacity to reduce

___ PRESSURE RELIEF
VALVE

the temperature between stages to that of the low-
pressure cylinder intake. Actually, intercooling has
three purposes: to increase compressor efficiency, to
prevent excessive temperatures within the
compressor cylinders, and to condense out moisture
from the air.

Most intercoolers are either the shell and tube,
air-to-water heat exchangers or the air-cooled

radiator-type heat exchangers. [Figure 11-12
illustrates a typical water-cooled inter-cooler. The

air-cooled type is shown in[figure 11-3

Aftercoolers

Moisture carried in air transmission lines is
undesirable because it causes damage to air-
operated tools and devices. AFTERCOOLERS are
installed in compressor discharge lines to lower the
air discharge temperature, thus condensing the
moisture and allowing it to be removed. Also, the
cooling effect allows the use of smaller discharge
piping. A water-cooled aftercooler is illustrated in
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COMPRESSED AIR
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Figure 11-12.—Typical water-cooled intercooler.
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Figure 11-13.—Typical water-cooled aftercooler.

Air Discharge Systems

Some discharge systems require special
consideration for the placement of auxiliary
equipment. All positive displacement compressors
require a relief valve on their discharge side to pro-
tect the equipment and piping upstream of the first
shutoff valve. Relief valves should be sized for at
least 125 percent of the maximum unit flow capacity
and should carry the American Society of
Mechanical Engineers (ASME) stamp, listing the
capacity and pressure setting of the valve.

Separators

Water and oil separators are required to
separate and free excess water from the discharge
air or gas. This is necessary to prevent corrosion,
deposit buildup, and water or oil buildup in the
piping or service. For example, water will cause rust
in piping, wash away lubricants, and plug nozzles.
Qil will contaminate many industrial processes and
may present an explosion hazard. The need for
water or oil separators will be determined by the end
use of the compressed air.

A centrifugal separator is illustrated in[figurel
[I1=14. Air is directed into this unit in a manner that
creates a swirling motion. Centrifugal force throws
the moisture particles against the wall where they
drain to the bottom.

11-13
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Figure 11-14.—Centrifugal-type moisture separator.
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Figure 11-15.—Baffle-type moisture separator.
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Figure 11-16.—Flow process of refrigeration-type air dryer.
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A baffle-type separator is illustrated in[figurel
[TZ-15. In this unit the air is subjected to a series of
sudden changes in direction that result in the
heavier moisture particles striking the baffles and
walls, then draining to the bottom.

Dryers

Some compressed air supplies require dryers
that ensure removal of all moisture that might
otherwise condense in air lines, air-powered tools,
or pneumatic instruments. Small amounts of
moisture can cause damage to equipment from
corrosion, freezing, and water hammer and can
result in malfunctions of instruments and con-
trols. The cost of dryers is often justified by the
reduction in maintenance costs, production time
lost in blowing down piping, and compressed air
lost during blowdown.

There are three basic designs of dryers: two
absorption types and a condensation type. One
type of absorption unit consists of two towers, each
containing an absorbent material. Reactivation is
accomplished by means of electric or steam heaters
embedded in the absorbent or by passing dried-
process air through it.

Another type of absorption unit consists of a
single tank or tower containing a desiccant (dry-
ing agent) that dissolves as it absorbs moisture
from the air and drains from the unit with the con-
densate. The drying agent must be replenished
periodically.

The third type removes moisture from the air
by condensation through the use of a mechanical
refrigeration unit, or where available, cold water.
Inlet air passes over cold coils where moisture is
condensed out of the air and is drained from the
unit by a trap. This process is illustrated in[figure]

Receivers

Air receiver tanks in compressed air plants act
as surge tanks to smooth the flow of air from the
action of the compressor to discharge; they collect
excessive moisture that may condense from the
cooled air and provide a volume of air necessary to
operate the pressure control system. A typical air
receiver is shown in[ figure 11-17| Related
components include a relief valve, pressure gauge,
drain valve, service valve, and inspection opening.

11-15
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Figure 11-17.—Air receiver.

Lubrication

Compressors must receive adequate lubrica-
tion using clean oil of characteristics recom-
mended by the compressor manufacturer. The
manufacturer will usually specify oil requirements



by characteristics, such as viscosity at one or more
temperatures, pour point, flash point, and in some
cases, by specific brands.

Typical compressor cylinder oils will have the
following characteristics:

Flash point, °F 350 minimum

Viscosity at 210°F 45 min - 90 max

Pour point, °F +35 maximum

Neutralization

number 0.10 maximum

Conradson carbon

residue, % 2.0 maximum

Where cylinder lubrication is separate from
frame and bearing lubricants, a modified set of
characteristics may be specified. Synthetic oils
must conform to the manufacturer’'s requirements
and must be used with care as many synthetic oils
may cause swelling and softening of neoprenes

MONITORING SYSTEM

and certain rubbers or may not be compatible or
separable from water.

Some special considerations for lubricants
include the provision of a lubrication oil heater
to ensure adequate viscosity during cold weather
start-up. High compressor discharge temperatures
require lubrication flows and characteristics that
still lubricate when subjected to 300°F or higher
discharge air temperature conditions. Finally, oil
injection or oil-flooded compressors need ade-
quate oil flow and characteristics to maintain
lubrication of temperatures within the cylinders
or screws.

A typical lubrication arrangement is shown in

figure 11-18
Discharge Pulsation

Reciprocating compressor discharge lines
are subject to pulsations caused by the
compressor-forcing frequency. This sets up a
resonant frequency in the discharge piping, and
the resulting vibration amplification will cause
noise, support damage, and piping damage. There
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Figure 11-18.—Typical pressure lubrication system.
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is no single solution to this problem, but some
specific guidelines will be discussed below.

Pulsation dampeners serve as pulsation and
noise mufflers by providing acoustical chambers
with the dampener. Manufacturers generally pro-
vide dampeners to a specified discharge pulsation
peak of + 2 percent of line pressure.
shows several typical pulsation dampeners. These
units should be used whenever reciprocating and
centrifugal compressors serve the same com-
pressed air main, because the pulsations of the
reciprocating compressor can transmit to and
disturb the operation of the centrifugal com-
pressor. Pulsation dampeners may not completely
solve downstream resonance, but they will reduce
the vibration amplitudes.

Several other ways to decrease noise and
amplification caused by discharge pulsation are
available. Surge chambers can be used to change
the equivalent length of the piping and increase
the pulse-absorbing volume of the pipe. A surge
chamber can be as simple as an increased diameter
of discharge piping near the compressor discharge.
An orifice plate or plates may be installed in
conjunction with surge chambers to change the
acoustical resonant frequency of the piping
system. Piping support is also important at the
compressor. They must not only be supported
from top or bottom but also have lateral support.
When piping is large, provide spring-loaded two-
way lateral supports to absorb vibration.

Controls

Compressor control systems generally include
one or more controlling devices, such as safety
controls, speed controls, and capacity controls.
Such devices function in the system to regulate
the output of the compressor as it meets the
demand for compressed air.

On some small compressors the simple
Bourdon tube-type pressure switch serves as a con-
troller by actuating the prime mover on and off
over a predetermined pressure range. More com-
plex compressors require control systems that load
and unload the compressor as air demands
change. The CONSTANT-SPEED type of con-
troller used with many compressors decreases or
increases compressor capacity in one or more steps
by the use of unloading devices, while allowing
the prime mover speed to remain constant.
Another type, referred to as the DUAL-
CONTROL, is a combination of the constant-
speed and an automatic start-stop control. It
permits constant speeds when demands are con-
tinuous and an automatic stop or start when
demands are light. There is still another system
that enables the prime mover to idle and
compressor suction valves to remain open when
air pressure reaches a set maximum. As the
pressure drops below a set minimum, the prime
mover speed is increased, suction valves are
closed, and air is compressed.

87.411

Figure 11-19.—Pulsation dampeners.
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CONTROL AIR PRESSURE

CAP

Generally, control systems include unloading
devices that function to remove all but the fric-
tion loads on compressors. Thus starting is unaf-
fected by compression loads. Various types of
unloading devices are discussed below.

The inlet-valve-type unloader holds the inlet
valve open mechanically during both the suction
and compression strokes, thereby preventing com-
pression[Eigure 11-20 illustrates a common inlet
valve unloader. The unloader is positioned above
the inlet valve. When air pressure rises to the
preset unloading pressure, a pressure switch
operates a solenoid unloader valve, which opens
and allows receiver pressure to the inlet valve
unloader. The pressure from the receiver, acting
on the diaphragm of the inlet valve unloader,
forces the yoke fingers against the inlet valve,
holding it open. The intake air is pushed back out
the inlet valve on the compression stroke so no
compression takes place.

illustrates the thin plate, low-lift
type of compressor valve. Most compressors use
this type of valve.

The use of an unloader valve on each cylinder

87.265 d itch with I id load
Figure 11-20.—Inlet valve unloader. and a pressure switch with a solenoid unloader
valve provides a step or sequenced capacity con-
trol.LFigure 11-22 illustrates a flow diagram of a
VALVE PORT

/o )
%y

o

VALVE PLATE

GUIDE PLATE

87.411

Figure 11-21.—Thin plate, low-lift, compressor valve assembly.

11-18



"jonuod Koeded das-aif—TI-11 andyy
L9T'L8

SNOILO3NNCO Y04 WYHOVIQ

* 111212 BNIGION 350712 ANV visnieL] TNl o <
dn 071N8 0L 3NSS3Md 110 MOTIV MaRLv e ._.“»oouu: oz_.:s.__u:.i.» jpriviry DN
01 0O0I¥3d BNLLYVLS ONI¥NG NOILISOd /.‘. aNIQIOH N3LUVLS NI SISNN00-8 "o e T vE g7
L4340, NI 38 1SON HOLIMS ¥IASNYNL W3AMOd
‘310N 0MLNCO 404 J0UNOS AL 19INNOD-Y
MIIA WOVE

¥3AI303Y NOYS ¥IV- D

AN3A- @
wcwaio.__zao#x:qad
.r
4

\ 4 Iflllﬂu'é..w- |
1 |
sd ,E II— “W %ﬁlrﬂ " o) : M"
.

HOLIMG W3JSNVAL- § © \ g TN
NV ONLLYIIONI- 1 | by \\ \ Y M @ INI 3/t
Y3OVOINN HILINOVN- N > S 4 1D ~ |
HOLIMS 3UNSSIN ¥IV - Sd ? 1 o ] . N
HOLIMS UNSS3rid 110 -SdO & v \‘ 1 ?h | F RN h
N E 4
[@n M_.. ’ / NHIMl

] z z ) ¢ S JJ
Q3$070 HOLIMS S3LVYIIONI X w

::.2:._ HOLIMS SOM 4.(550& WA § —ovn

rd O{ro—-o-+o L

O4ro—-01ro

J
\

o4ro—-o-to \
X Y| oyro—owo \\I.# —_— === - pa— —— A
x = = = = = /

owo—oto |

X —
LK a3 3TONVH
a:o..:oo; SLIVANGD . \
“ i 'S W“ i
! z m_m | ¥OSBINIROD
b t . "
i i x Y Hiv
=|
—_ =

T4 INIT OULNTD

)
3
J

VAAIOAN

F v \

N——

S@INIT TONINOD
R

:' I I .’]%ﬂw
7304

5
'\@7//

N\

11-19



five-step capacity control system applied to a two-
stage, four-cylinder, double-acting, reciprocating
compressor. Assuming that the compressor in the
figure is required to maintain a pressure of 92 to
100 psi, the pressure switches should be set to load
and unload as follows: switch 1, load at 93 psi and
unload at 97 psi; switch 2, load at 94 psi and
unload at 98 psi; switch 3, load at 95 psi and
unload at 99 psi; and switch 4, load at 96 psi and
unload at 100 psi. As the receiver pressure reaches
the high limit of each pressure switch, 25 percent
of the compressor capacity will unload. As receiver
pressure falls to the low setting of each switch, 25
percent of the compressor capacity will load.
Pressure switch 1 will therefore unload 25 percent
of the compressor capacity at 97 psi and will load
25 percent at 93 psi, and so forth. As receiver
pressure fluctuates between 93 and 100 psi, the
compressor capacity varies in five steps; full, 75
percent, 50 percent, 25 percent, and zero capacity.

The compressor illustrated in[ figure 11-22|
operates on the following principle: When it is
started, air pressure switches are closed and the
solenoids in the unloader valves become energized
so that receiver pressure cannot enter the
unloading lines, and compression is permitted. As
the receiver pressure builds up and reaches 97 psi,
pressure switch 1 breaks contact, de-energizing
unloader 1, and allowing 97 psi receiver air to
enter control line 1, actuating the inlet valve
unloader. Twenty-five percent of the compressor
has become unloaded and compression has reduced
from full to 75-percent capacity. Control lines 2, 3,
and 4 will operate in the same way as receiver
pressure increases. At 100 psi, all cylinders will be
unloaded. Air compression ceases, but the
compressor continues to run under no load. As air
is drawn off from the receiver, the pressure begins
to drop. When the pressure falls to 96 psi, pressure
switch 4 makes contact and energizes unloading
valve 4, which cuts off receiver pressure from the
inlet unloader and vents the unloader pressure to
the atmosphere. The inlet valve unloader releases
the inlet valve and normal compression takes
place, loading the compressor to 25-percent
capacity. If the demand for air increases and
receiver pressure continues to decrease, control
lines 3, 2, and 1 will load in sequence.

Another method of unloading a compressor is
by the use of clearance pockets built into the
cylinders. Normal clearance is the volume at the
end of the piston and under the valves when the
piston is at the end of the COMPRESSION

11-20

stroke.[ Figure 11-23]| shows an air cylinder with
clearance pockets and clearance valves used with a
five-step clearance control. Each end of the
cylinder is fitted with two clearance pockets that
are connected with or cut off from the cylinder by
air-operated clearance valves. A regulated device,
not shown, which is operated by receiver pressure,
uses pilot valves to open and close the clearance
pocket valve in the proper sequence. Each
clearance pocket can hold one-quarter of the air
compressed by the cylinder in one stroke. When
both pockets at the end of the cylinder are open, no
air is taken into that end of the cylinder.[Figure]
[11-24 illlustrates the operation of clearance pockets
under five-step clearance control.

Prime Movers

Prime movers for compressors can be elec-
trical, gasoline, or diesel driven. This section will
address electrical prime movers only. Gasoline and
diesel-driven prime movers are normally the
responsibility of the Construction Mechanic.
Several types of electric motors can be used to
drive compressors: induction, synchronous-wound
motor, and direct current (dc) motors.

CLEARANCE
POCKETS

CLEARANCE
VALVE

87.268
Figure 11-23.—Air cylinder showing clearance pockets
and clearance valves
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Figure 11-24—Five-step clearance control.

Although electric motor drive is available for
compressors of almost any capacity, certain types
of machines are best driven by an induction
motor; others may be driven by a synchronous
motor. Generally, cost will rule out synchronous
motors except in unusual cases. Direct current
motors are seldom used.

Motor-driven compressors may be further
identified by the type of connection that is used
between the motor and compressor. Any one of
the following types of drives may be used: belt,
direct-connected, or speed reduction gears.

Induction motors can be used to power single-
acting reciprocating compressors ranging from
fractional horsepower up to approximately 300
horsepower at a speed of 1,800 rpm. Speeds of
1,200 and 900 rpm and lower are sometimes

11-21

used in higher horsepower applications. When
sizing a motor, you must allow for belt or drive
losses of power.

Caution must be exercised when large belted
motors are used; manufacturer’'s recommenda-
tions should be applied. Most motors that are
belted to compressors are rated as normal
starting torque, low-starting current motors. Belt
selection should be based on a continuous opera-
tion rating of at least 125 percent of motor
size with 150 percent preferred. Other com-
pressors that start under load may require
motors rated as high-start torque, low-starting
current. Consideration should be given to
compressor inertia and load to avoid lengthy
acceleration time. Whenever possible, it is best
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Figure 11-25—Types of air distribution systems.
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to arrange the compressor to be unloaded during
start-up.

A reciprocating compressor maybe driven by
an induction motor with a speed reduction gear
placed between the motor and compressor. This
permits the use of a higher speed with a less
costly motor. Gear-driven compressors should
have flywheel or inertia effect carefully checked.
Couplings should have enough elasticity and
dampening to allow for torque and current pulsa-
tions. Without this consideration, changes in
torque caused by load variations or loading and
unloading of a compressor could result in drive
and motor damage.

DISTRIBUTION SYSTEMS

The development of a distribution system is
dependent upon a combination of factors, such
as location and size of each service, time rate
demand of larger services, and concurrence or
demand factor of larger services.

TYPES OF AIR DISTRIBUTION
PIPING SYSTEMS

The more common types of distribution
systems or patterns|(fig. 11-25) and their prime

advantages are as follows:

@ Radial, one-way system—used for isolated
or individual service or where special requirements
dictate a single path.

® Loop system—used for a closed route such
as throughout a building. The two-directional
flow capacity represents an economical way to
provide constant pressure to all services and
permits selective isolation when necessary.

® Parallel system—used to provide dual
service source to ensure at least one source will
be available at all times.

SIZING DISTRIBUTION SYSTEMS

Compressed air distribution systems are
sized mainly by calculating the friction loss
to be expected from piping, fittings, and

11-23

valves as well as various accessories you may
install.

Pipe diameters are determined from commer-
cially available products, such as copper, stainless
steel tubing, or steel piping. As contained pressure
increases, the pipe wall thickness must increase
and interior diameters decrease. This affects
friction pressure loss; it should not exceed
15-percent pressure loss.

When you are determining total friction loss
for a distribution system, the total length of the
system piping plus the equivalent length of each
fitting, valve, or device is summed to produce an
equivalent hydraulic length. The equivalent
lengths of fittings, valves, and other devices can
be determined from[table 11-2. Friction loss in
air hoses may be taken from[table 11-3]

LAYOUT DETAILS

When installing compressed air systems, you
must follow seven basic guidelines just as you
must consider basic guidelines when installing any
other type of piping or drainage system.

Compressed air lines should be installed as
level as practical with a slight pitch in the direc-
tion of airflow. This pitch is generally placed at
3 inches per 100 feet of piping. In cases when
pipes must be pitched upward causing con-
densate to flow against the flow of air, the
pitch upward must be 6 inches or greater per 100
feet, and the piping size should be increased one
pipe diameter.

The layout of the piping systems should always
allow for the removal of dirt, water, oil, or other
foreign material, which can accumulate over long
periods of time. Because of this, pockets should
be avoided and, where necessary, low points
should be provided with driplegs. In addition to
providing low points to drain foreign material
from the system, the prevention of carry-over of
this material into branch lines is necessary. Carry-
over into branch lines can be prevented by mak-
ing connections from the top of the distribution
mains.

Piping must be placed with sufficient flexi-
bility to prevent excessive strain or distortion caus-
ed by thermal expansion or sudden changes in
pressure. By properly placing pipe supports,



Table 11-2.—Representative Equivalent Length in Pipe Diameters (L/D) of Various Valves and Fittings

- e we e s nnuugd

**Exact gquva!gpt !Cﬂg{h is
equal to the length between

lange faces or weiding ends.

fMinimum calculated pressure
drop (psi) across valve to provide

Equivalent Length
Description of Product in Pipe Diameters
(L/D)
Stem Perpendic- | With no obstruction in flat, bevel, or plug-type seat Fully open 340
Globe ular to Run With wing or pin guided dlSk Fully open 450 ﬁi
Valves (No obstruction in flat, bevel, or plug type seat)
Y-Pattern —With stem 60 degrees from run of pipe line Fuily open 175
—With stem 45 degrees from run of pipe line Fully open 145
With no obstrucuon in flat, bevel, or plug type seat Fully open 145
Angle Valves With wing or pin guided disk Fully open 200
Wedge, Disk, Fully open 13
. Three-quarters open 1s
Double Disk,
or Plug Disk One-half open 169
Gate One-quarter open 900
vaives Fully open 17
Three-quarters open 50
Pulp Stock One-half open 260
One-quarter open 1,200
Conduit Pipe Line Gate, Ball, and Plug Valves Fully open KAl
Conventional Swing 0.5t . . .Fully open 135
Chect. | Clearway Swing 0.5t . . .Fully open 50
;,’:lcv"e'; Globe Lift or Stop, Stem Perpendicular to Run or Y- Pattern 2.0t . . .Fully open Same as Globe
Angle Lift or Stop 2.0t . . .Fully open Same as Angle
In-Line Ball 2.5 vertical and 0.25 horizontal+ Fully open i50
{ With poppet lift-type disk 0.3% .. Fully open 420
Foot Valves with Strainer Wlth leather-hinged disk 0.41 . . .Fully open 75
Butterfly Valves (8-inch and iarger) Fully open 40
. Rectangular plug port area equal to
Stralght Through 100% of pipe area Fully open 18
Cocks Three-Wav Rectangular plug port are equal to Flow straight through 44
ST 80% of pipe area (fully open) Flow through branch 140 I
90-Degree Standard Elbow 30
45-Degree Standard Elbow 16
90-Degree Long Radius Elbow 20
90-Degree Street Elbow 50 t
Fittings | 45-Degree Street Elbow 26 ‘
Square Corner Elbow 57 |
With flow through run 20
Standard Tee With flow through branch 60 7
Close Pattern Return Bend 50 ]

sufficient flow to lift disk fully
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Table 11-3.—Loss of Air Pressure in Hose Caused by Friction

Pulsating flow
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as shown in[table 11-4] movement of pipe can be
accounted for. In addition, piping should be sup-
ported at all changes in direction and load con-
centrations, such as heavy valves.

There are many other considerations in the
layout of compressed air systems, which are
